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FOREWORD 

Developnent of t he  ATLAS integrated s t r u c t u r a l  analysis  and 
design system w a s  i n i t i a t e d  by The Boeing Commercial  Airplane 
Company i n  1969. Continued development e f f o r t s  have resul ted i n  
the release and appl icat ion of several  extended versions of the 
system t o  aerospace and c i v i l i a n  s t ructures .  Those capab i l i t i e s  
of the ATLAS 4-0 version developed under t h e  NASA Langley 
Contract No .  NASI-12931 include t h e  following: geometry control,  
thermal stress, f u e l  generationfianagement, payload management, 
loadabi l i ty  curve generation, f l u t t e r  solut ion,  res idual  
f l e x i b i l i t y ,  s t rength design of composites, thermal fu l ly  
stressed design, and in te rac t ive  graphics, The monitor of t h i s  
contract  w a s  G, L, G i l e s .  The i n e r t i a  loading capabi l i ty  w a s  
developed under the Army Contract No. DAAG46-75-C-0072. 

T h i s  document is one volume of a series of documents 
describing the  ATLAS System- 
detai ls  regarding the input data  and program execution, t h e  
program design and data ‘management, the  engineering ‘method used 
by the computational modules, and system-demonstration problems. 

The remaining documents present 

The key r e spons ib i l i t i e s  for development of ATLAS have been 
within the  Integrated Analysis/Desiqn Systems Group of the  
Structures  Research Unit of BCAC and t h e  ATLAS System Group of 
the  Boeing Computer Services (BCS) Integrated Systems and Systems 
Technology U n i t .  R. E, Miller, Jr. was t h e  Program Manager of 
ATLAS u n t i l  1976 a f t e r  which H, HI Dickenson assumed t k i s  
posit ion.  The current  ATLAS System is  the r e s u l t  of the combined 
e f i o r t s  of many Boeing engineering and programming personnel, 
Those who contributed d i r e c t l y  t o  the current  version of ATLAS 
are as follows: 
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M I  Y. Hirayama 
J. R. Hogley 
HI E. Huffman 
D, W. Johnson 
A, S. Kawaguchi 

C. 
F. 
M. 
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M. 
G .  
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R, 
K O  

D, Mounier 
D, Nelson 
C. Redman 
A. Samuel 
Tamekuni 
von Limbach 
0. Wahlstrom 
A. Woodward 
K, Yagi 

Pr incipal  contr ibutors  t o  the  preparation of t h i s  document 
include: B o  F. Backman, R. L. Dreisbach, S ,  H, Gadre, F. P, 
Gray, J. R. Hogley, and R. A. Samuel i n  the ATLAS Structures  
Research Group of the Boeing Commercial Airplane Company, 
Seattle, Washington - 
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ABSTRACT 

T h i s  document describes sme of =the many analy t ica l  
capabilities provided by t h e  ATLAS Version 4.0 System in the  
log ica l  sequence i n  which model-definition data are prepared and 
the subsequent computer job i s  executed, The example data 
presented i n  this document and the fundamental technical  
considerations t h a t  are highlighted can be used as guides during 
the problemsolving process. This guide does not describe t h e  
details of the ATLAS capab i l i t i e s ,  but  provides an introduction 
t o  the new user  of ATLAS to t he  level a t  which the complete a r ray  
of capab i l i t i e s  described i n  the ATLAS U s e r %  Manual can be 
exploited f u l l y  . 

The ATLAS System is operat ional  on the Control Data 
Corporation (CDC) 6600/CYBER computers i n  the batch, on-line, 
in te rac t ive ,  and mixed computing environments It is  a modular 
system of computer codes w i t h  common executive and data-base 
management components, f 

An integrated sof tware-system architecture is used t o  provide 
cost e f fec t ive  analyses of s t ructures  i n  a small or large problem 
environment, The system provides an extensive set of general- 
purpose technical  programs With ana ly t i ca l  capab i l i t i e s  including 
s t i f fnes s ,  stress, loads, mass, substructuring, s t rength design, 
unsteady aerodynamics, vibrat ion,  and f l u t t e r  analyses The 
s t i f f n e s s  finite-element s t ructural-analysis  approach is used 
wherein t h e  physical  propert ies  of the s t ruc ture  a re  represented 
by a finite number of ideal ized elements, 

The sequence and mode of execution of selected program 
m o d u l e s  are control led by a common user-oriented language, 
Interact ive user  in te r faces  are provided f o r  performing 
execution-control f i  data-f i l e  edi t ing,  and graphical-display of 
selected data. Communication of data between program nlodules is 
performed automatically by the ATLAS data-base manager, which can 
also be used t o  manipulate data for in te r fac ing  selected modules 
w i t h  external  programs. 

Model-definition input  data are wri t ten i n  a problem-oriented 
language. Input-data generation options and input-data checks 
provided by the  preprocessors minimize t h e  amaunt of data and 
flowtime for  problem d e f ~ i t i a n / v e r i f i c a t i o n ,  Postprocessors 
allow selected data  t o  be extracted, manipulated, and displayed 
v i a  on-line o r  of f - l ine  p r i n t s  and p l o t s  fox monitoring and 
verifying problem solut ions.  



The design 02 the ATLAS System has been based primarily on 
the  needs of the analyst i n  performing s ingle  or multidisciplined 
analysis/design tasks. From the technical and system reviews 
with the users, extended versions of the  system have been 
released for general use. In the anticipation of extending the  
system capabi l i t i e s ,  a high degree of f l e x i b i l i t y  and general i ty  
has been incorporated i n t o  many segments of the system, 

I 
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1 I 0 INTRODUCTION 

T h i s  U s e r ' s  Guide is designed t o  f a c i l i t a t e  use of t h e  ATLAS 
System for solving s ta t ic  and dynamic s t r u c t u r a l  engineering 
problems. It presents  s o m e  of t h e  many options provided by ATLAS 
i n  the logical sequence i n  which model-definition data are 
prepared and t h e  subsequent computer job is executed. The new 
user is encouraged not  to  be concerned about the information i n  
l a t e r  sect ions of this document p r i o r  t o  when it is required. 
The example inpu t  da ta  and execution d a t a  presented i n  t h i s  
document can be used as guides when using ATLAS during the  
problem solving process. 

A s  the user  becomes familiar w i t h  ATLAS, the more 
sophis t icated f ea tu res  of t he  system w i l l  prove t o  be invaluable. 
The l eve l  of success i n  solving s t r u c t u r a l  engineering problems 
is influenced not  only by the  analyst ' s  experience, but also by 
h i s  imagination and ingenuity as applied t o  new problems and 
solut ion methods. I n  dealing with the ever-increaqinqly complex 
s t r u c t u r a l  configurations and environments, t he  user  w i l l  f ind  
innumerable cambinations of the  ATLAS ana ly t i ca l  options .) 

T h i s  guide provides an introduction t o  the  new ATLAS user  t o  
the l eve l  a t  which t h e  complete a r ray  of ATLAS capab i l i t i e s ,  as 
described i n  t h e  ATLAS U s e r ) s  Manual, can be exploited f u l l y .  
Detailed descr ipt ions of a l l .  model-definition input  data and 
execution-control da t a  for the ATLAS System are presented i n  the  
U s e r ' s  Manual which is designed as a reference for the f ami l i a r  
user. The user is encouraged t o  make reference t o  the  o ther  
volumes of the  ATLAS System documentation as progress is made 
through t h i s  guide. 

The ove ra l l  organization of t h e  U s e r @ s  cxide beqins w i t h  a 
s u m r y  of t h e  contents of the cu r ren t  ATLAS documentation i n  
sec t ion  2. Section 3 contains an overview of a l l  the current  
ana ly t i ca l  c a p a b i l i t i e s  of ATLAS (Version 4.0) and a descr ip t ion  
of t h e  funct ional  orqanization of the system. Fundamental 
considerations t h a t  w i l l  a i d  the analyst  i n  preparing mdef-  
de f in i t i on  da ta  and an ATLAS job deck for execution are discussed 
i n  sec t ion  4, w i t h  a descr ip t ion  of the automatic and user- 
selected so lu t ion  accuracy checks performed during job 
processing. 3escr ip t ions  of the model-definition data and data 
deck organization fo r  s t r u c t u r a l  and m a s s  m o d e l s ,  s ta t ic  load 
def in i t ion ,  stress, buckling, v ibra t ion  and f l u t t e r  analyses, 
substructured models, and automated s t r u c t u r a l  resizing are 
presented i n  sec t ion  5. 



Descriptions of the user-def ined execution-control da t a  f o r  
batch, and on-line in t e rac t ive  execution of ATLAS, including the 
user-control of pr inted and p lo t ted  data and the  in t e rac t ive  
graphics capab i l i t i e s ,  a r e  presented i n  sect ion 6 .  The computer 
operating-system job control  cards used for processing an ATLAS 
job a r e  described i n  sec t ion  7. 

A number of d i f f e r e n t  types of ATLAS analyses, using a common 
s t r u c t u r a l  model, are presented i n  sect ion 8 ,  along with example 
execution-control decks , data decks, and selected output. 

The SNARK mat r ix - in t e rp re t ive  language, as used by ATLAS and 
w h i c h  is avai lable  for  general  use i n  wri t ing special execution- 
control decks, is described i n  sec t ion  9 ,  along w i t h  usage 
guidel ines  and example appl icat ions.  

ATLAS is provided a t  t h e  end of t h i s  document, 
A glossary of common terns c lose ly  associated w i t h  t h e  use of 

The U s e r s s  Guide does not present details  of a l l  theIATLkS 
System capab i l i t i e s ,  but pruvides an introduct ion t o  the engineer 
planning t o  u s e  ATLAS, and directs h i m  t o  t h e  other ATLAS 
documentation. As t h e  engineer becomes famil iar  w i t h  using 
AT-, more extensive reference will be made t o  the  ATLAS UserOs 
Manual i n  applying t h e  many ana ly t i ca l  options and a l t e rna t ives  
provided by ATLASc as w e l l  as i ts  more sophis t icated features .  
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2-0 ATLAS SYSTEM DOCUMENTATION 

The U s e r ' s  Guide is one volume of a series of documents t h a t  
describe the  ATLAS Version 4-0 System. Descriptions of the  input  
data  and program execution, t he  system-demonstration problems, 
t h e  program design and data management, and t h e  engineering 
method used by the computational modules are presented i n  t h e  
other documents. When the engineering theory used by a 
computational module is w e l l  documented by other  publications,  
they are referenced i n  the ATLAS Userfs Manual, Otherwise, the 
engineering method used by a computational module is presented i n  
a separate  ATLAS document. The contents  of each ATLAS document, 
w i t h  the exception of the  U s e r ' s  Guide, are summarized below. 

2.1 SYSTEM DESIGN DOCUMENT (Volume 11) 

This document describes the overall system design, t h e  design 
of the indiv idua l  program modules, and the ATLAS System l i b r a r y  
routines,  The sys tem design is  discussed i n  termsf of its 
arch i tec ture ,  executive functions,  data base s t ruc ture ,  and 
operational procedures €or grogram maintenance and rnodif i c a t i o n  
C o u e  descr ipt ions,  use of common blocks, and file usacre by each 
program module are presented. The ATLAS system l i b r a r y  rou t ines  
are described t o  the  l e v e l  t h a t  these general  purpose algorithms 
can be used i n  the crea t ion  of  special-purpose execution-control 
decks. Extensive use of comment cards included i n  the program 
CadeS fu l ly  complement the contents of t h i s  document, which is 
design& primarily for use by an ATmS System programer, 

2.2 USERCS MANUAL -- INPUT AND EXECUTION DATA (Volume 111) 

T h i s  document presents detailed descr ip t ions  of a l l  model- 
de f in i t i on  input  data and execution-control' statements provided 
by the ATLAS System. T h i s  manual is designed as a reference book 
rather than a t e x t  tha t  is t o  be used during problem solving. 
The format of t h i s  document is as follows: 

a) Section 10 presents  an overview of the ATLAS System 
functions,  i ts a rch i t ec tu re  and its computational 
capab i l i t i e s .  

b) Sect ion 11 describes t h e  general  deck-setup 
requirements, the  CDC-System job-control cards, and t h e  
resource requirements for job processing. 

c)  Section 100 presents  general r u l e s  for preparing model- 
def in i t i on  input  data. T h i s  sec t ion  describes t h e  
s t ruc tu re  of an input  da ta  deck, the input  data formats, 
the general  c a p a b i l i t i e s  provided for data generation, 



and d e f i n i t i o n s  of the terminology used f o r  mathematical 
m o d e l s .  

The remaining 100-series s ec t ions  present detailed 
descr ip t ions  of t h e  input  data corresponding t o  each of 
t he  technical-data preprocessors. These sect ions a r e  
ordered alphabet ical ly  according t o  the  preprocessor 
names for  convenient referencing, 

Section 200 presents  t h e  method and general r u l e s  for 
executing the ATLAS System computational modules. T h i s  
sec t ion  describes the s t r u c t u r e  of an execution-control 
deck, t he  executive statement formats, cataloqed control  
procedures, and t h e  execution checkpoint/restart  
faci l i t ies .  

The rentaining 200-series sec t ions  present detailed 
descr ipt ions of t h e  executive-control statements and 
run-time parameters associated w i t h  each of the 
technica l  processor and postprocessor modules. ' These 
sec t ions  a re  ordered alphabet ical ly  according t o  t h e  
module names for convenient referencing. 

The appendices include l ibrar ies  of the s t r u c t u r a l  and 
m a s s  f i n i t e  elements, descr ipt ions of the executive- 
cont ro l  procedures provided f o r  standard types of 
analyses, sample ATLAS job-deck setups,  descr ipt ions of 
the standard in t e r f aces  of ATLAS w i t h  ex te rna l  computer 
programs, and descr ipt ions of t h e  ATLAS in t e rac t ive  EDIT 
module colnmands f o r  data-file de f in i t i on  and 
modification * 

The model-def i n i t i o n  input  data, t h e  execution cont ro l  
statements, and the SMARK language commands f o r  the  ATLAS System 
dre summarized i n  a U s e r ' s  Pocket Manual. 

2.3 RANDON ACCESS FILE CATALOG ( V o l u m e  I V )  

T h i s  document presents  a complete catalog of the random 
access data f i les used by the ATLAS System. 
matrices output t o  these f i l e s  by the  program modules is  
described i n  de t a i l ,  T h i s  document is used pr imari ly  by the 
ATLAS user or by an ATLAS System programmer t o  manipulate data 
d i r e c t l y  within t h e  ATLAS data base. 

Each of the  data  

2.4 SYSTEM DEMONSTRATION PROBLEXS (Volume V) 

This document describes a set of problems t h a t  demonstrate 
the a n a l y s i s  and design c a p a b i l i t i e s  provided direct ly  by the  
ATLAS System as w e l l  as t h e  ana ly t i ca l  capabilities provided by 



the in te r faces  of ATLAS with external  computer programs. The 
discussion of each problem includes t h e  f oflowing : 

a) Description of the problem t o  be solved, the  analysis  t o  
be performed, t h e  mathematical m o d e l ,  and t h e  load 
environment. 

b) Discussion of the ATLAS r e su l t s .  Comparisons a r e  made 
t o  theoretical solut ions,  where possible. 

c) Lis t ings  of the  ATLAS execution-control decks and model- 
d e f i n i t i o n  data .  

All typ ica l  analyses performed by ATLAS and p rac t i ca l ly  a l l  o f  
t h e  ATLAS input/execution options are exercised by these 
problems. 

2-5 LOADS MODULE THEORY (Volume V I )  

The  engineering theory underlying the  operation of t h e  ATLAS 
LOADS module is  presented i n  this document. The equations used 
t o  ca lcu la te  s ta t ica l ly-equiva len t  or consis tent  nodal forces  
from input da ta  such a s  pressure d i s t r ibu t ions  ana ro t a t iona l  
i n e r t i a  are presented f o r  t h e  d i f f e ren t  types of s t r u c t u r a l  
f i n i t e  elements 

2.6 DESIGN MODULE THEORY (VOlUme V I I )  

The engineering design theory underlying the automated 
s t ruc tura l - res ize  methods provided by t h e  ATLAS DESIGN module is 
presented i n  t h i s  document, The methdds, typ ica l  appl icat ions,  
and l imi ta t ions  associated w i t h  t h e  f u l l y  s t ressed  design, t h e  
thermal f u l l y  stressed design, and the regional composite- 
s t ruc ture  optimization algorithms are  described, A discussion of 
the convergence cha rac t e r i s t i c s  of the f u l l y  s t ressed  design 
theory is a l so  inc luded  i n  this document. 
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2.7 SNARR USERPS MANUAL (Volume VIII) 

T h i s  document descr ibes  the syntax of t h e  SNARK user-oriented 
language "hat provides standard matrix and scalar nathematical 
capab i l i t i e s ,  as w e l l  as matrix-data and blank-common computer- 
core management €unctions. 

The d i f f e r e n t  types of SNARK commands can be grouped 
accordinq t o  t h e i r  function. 

a) D a t a  Manipulation 
b) Random and Sequential  F i l e  Manipulation 
c) InFut/Output 
d )  Natrix Ar i thme t i c  
e) Programming A i d s  

U s e  of S N L R K  is  required only by t h e  sophis t icated ATLAS user or  
by an ATLAS System programmer t o  perform the followinq: 

a)  Manipulate data d i r e c t l y  within the ATLAS data base t o  
perform spec ia l  a n a l y t i c a l  computations tha t  are not  
provided d i r e c t l y  by the ATLAS system, or t o  in t e r f ace  
data w i t h  ex te rna l  computer programs v i a  t h e  ATLAS 
Control Program. 

b) Design, develop and in t eg ra t e  new computational 
c a p a b i l i t i e s  within the ATLAS System, 



3-0 OmRVIEW OF ATLAS 

The problem-solving ana ly t i ca l  c a p a b i l i t i e s  of ATLAS and t h e  
funct ional  organization of t h e  ATLAS System are summarized i n  
t h i s  section. 

The ATLAS System is operat ional  on t h e  Control D a t a  
Corporation (CDC) 6600/CYBER computers i n  t h e  batch, on-line, 
i n t e rac t ive ,  and mixed computing environments, It is a modular 
sys t em of computer codes w i t h  common executive and data-base 
management components. 

An in tegra ted  sof tware-system a rch i t ec tu re  is used t o  provide 
cost ef fec t ive  analysis of s t ruc tu res  i n  a small or large problern 
environment, The system provides an extensive set of general- 
purpose t e c h n i c a l  programs w i t h  a n a l y t i c a l  c a p a b i l i t i e s  including 
stiffness, stress, loads,  mass, substructuring, s t rength design, 
unsteady aerodynamics , vibrat ion,  and f l u t t e r  analyses. The 
s t i f f n e s s  finite-element s t ruc tura l -ana lys i s  approach is used 
wherein t h e  physical propert ies  of the s t ruc tu re  are represented 
by a f i n i t e  number of ideal ized elements, 

The  sequence and mode of execution of selected program 
modules a r e  control led by a common user-oriented languaqe. 
In te rac t ive  u s e r  i n t e r f aces  are provided for performing 
execution-control, d a t a - f i l e  edi t ing,  and graphical-display of 
selected data.  Comunication of data between program modules i s  
performed automatically by the ATLAS data-base manager, which can 
also be used t o  manipulate data  f o r  i n t e r f ac ing  selected modules 
with external  programs. 

Model-definition input  data are wr i t t en  i n  a problem-oriented 
language. Input-data generation opt ions ana input-data checks 
provided by t h e  preprocessors minimize t h e  amount of data  and 
flowtime for problern d e f h i t i o n / v e r i f  i ca t ion ,  Postprocessors 
allow selected input and calculated da ta  t o  be extracted,  
manipulated, and displayed v i a  on-line or off - l ine  p r i n t s  and 
p lo t s  fo r  monitoring and ver i fy ing  problem solut ions,  

The design of the ATLAS System has been based primarily on 
t h e  needs of t h e  ana lys t  i n  performing s ingle  or mult idiscipl ined 
analysis/design t a s k s .  Based on periodic  reviews of the  
technical requirements, extended versions of the system have been 
released for  general use. In the an t i c ipa t ion  of extending the 
system c a p a b i l i t i e s ,  a high degree of f l e x i b i l i t y  and gene ra l i t y  
has been incorporated i n t o  many segments of the system, 
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3.1 ANALYTICAL CAPABILITIES 

ATLAS provides t h e  user w i t h  three major types of ana ly t i ca l  
c a p a b i l i t i e s  

a) Analysis Control 
b) D a t a  Management 
c) Technical Computations 

Each of these capabilities is described further i n  sec t ions  3.1.1 
through 3 . 1 . 3  , respectively.  

3.1.3 Analysis Control 

problem-solution s teps  t o  be performed by ATLAS. These functions 
are defined by the  executive control  data which are wr i t ten  i n  
the ATLAS user-oriented cont ro l  language, Directives supplied by 
t h e  execution-control data  are used t o  define the  following: 

T h e  user  has complete cont ro l  of t h e  ana lys i s  functions and 

a) Sequence of Computations 
b) Execution Parameters 
c) Xanagernent of Analysis Results 
d) Scheduled Restart of Problem Execution 
e) Continqencies when D a t a  Errors are Encountered 

The execution-control d i r ec t ives  can also be used t o  nerform 
spec ia l  a n a l y t i c a l  computations t h a t  are not provided d i r ec t ly  by 
ATLAS, manipulate ATLAS data, and manage data f o r  in te r fac inq  the  
ATLAS System nodules (sub-programs) w i t h  o ther  external  computer 
proqrams (see secs. 9.2 and 9 . 3 ) .  

At execution t i m e ,  a Control Program is  created automatically 
f r o m  the user-supplied execution-control data e Execution of t h e  
Control Program and t h e  ATLAS System can be performed i n  an 
in te rac t ive ,  on-line, batch, or mixed computing mode. Any ATLAS 
System module can be executed, as needed, w h i l e  solving a problem 
in te rac t ive ly ,  by def ining the necessary execution-control 
statements using a computer t e rmina l  during job processing. 
O t h e r  i n t e r a c t i v e  cont ro l  f ea tu re s  include the on-line de f in i t i on  
of selected data p lo t s  and t h e  display of selected p lo t s  on the  
screen of a graphics terminal. 
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3.1.2 D a t a  Manaqement 

Management of a l l  data within the system is performed 
automatically. It  is, however, t h e  u s e r %  respons ib i l i ty  t o  
manage the  following types of data: 

a)  Model-Definition Input D a t a  
b) Execution-Control Input D a t a  
c) Problem Execution Checkpoint-Restart D a t a  

Input-data f i l e s  and control  f i l es  can be defined, modified 
and saved by using the ATLAS i n t e r a c t i v e  t e x t  editor,  
Furthermore, checkpoint-restart  procedures are provided f o r  
performing stepwise problem solut ions.  By using these d a t a  
management faci l i t ies ,  the  engineering user is not burdened by 
data communication problems when solving s ing le  or 
multidisciplined problems * More of t h e  analyst  *s t i m e  can 
thereDy be spent on t h e  engineering aspec ts  of the problem 
solving process. 

3 . 1 . 3  Technical Computations 

The many a n a l y t i c a l  c a p a b i l i t i e s  of ATLAS can be grouped as 
follows : 

a} Linear Stress Analysis 
b) Bifurcation Buckling Analysis 
c) Weights Analysis 
d) Vibration Analysis 
e) F l u t t e r  Analysis 
f )  Substructured Analyses 
g)  S t ruc tura l  Resizing 

T h e  technica l  computations are based on* t h e  following matrix 
equation which defines the  equilibrium condition for a l i n e a r  
s t ruc ture .  

M*A + K*U = P 

where M is the m a s s  matrix, K is the s t i f r n e s s  matrix, and P is 
t h e  loads matrix for the overall (qross) s t ruc ture .  Matrices *@Ati 
and "U" are t h e  accelerat ion,  and displacement matrices, 
respectively,  for the nodal po in ts  used t o  describe the 
kinematics of the s t r u c t u r a l  m o d e l .  Creation of the gross  
s t i i f n e s s  matrix, f o r  example, is performed by assembling 
(merging) the  s t i f f n e s s  matrices calculated f o r  t h e  individual  
f i n i t e  elements. 

3 . 3  



Variations of t he  foregoing equation tha t  are used t o  solve 
d i f f e ren t  technica l  problems are 

K*U = P f o r  s t a t i c  stress analysis,,  
( K  + E*G) *Q = 0 fo r  buckling ana lys i s ,  and 
(R - E*M) *Q = 0 f o r  vibrat ion analysis ,  

Matrices E, Q ,  and G denote eigenvalues, eigenvectors, and 
geometric s t i f f n e s s e s ,  respectively.  The underlying method of 
f i n i t e  element ana lys i s ,  i n  a l l  cases, is known by t h e  followinq 
d i f f e r e n t  names : 

a) Displacement Method--U 
b) S t i f f n e s s  Method--K 
e) Equilibrium Method-P 

The foregoing groups of ATLAS ana ly t i ca l  c a p a b i l i t i e s  can 
either be combined o r  fu r the r  subdivided, depenuing on t h e  type 
of problem being solved, t h e  selected method of analysis ,  and t h e  
desired end r e s u l t s .  Therefore, t he  following outline is 
presented t o  summarize t h e  various ATLAS technical-analysis 
capab i l i t i e s .  

Data Manaqement and Execution Control 

e A data-base manager 

e Catalogs of execution-control procedures 

e Lnteractive da t a - f i l e  and con t ro l - f i l e  e d i t o r  

8 A user-oriented execution-control language 

w In te rac t ive ,  on-line and batch-mode processing 

0 Job execution checkpoint-restart  procedures 
w Numerous problem-solution accuracy checks 

U t i l i t y  Matrix Algebra 

e A user-oriented language for performing matrix 
and s c a l a r  mathematics 

mass, loads, and displacement matrices 

l i nea r  symmetric equations 

matrices 

w A module f o r  assembling elemental s t i f f n e s s ,  

8 A module f o r  solving out-of-core systems of 

e A module f o r  adding and multiplying out-of -core 

D a t a  Preproces s inq 

e Free-field,  input-data format 
0 Model-definition data  wr i t ten  i n  a problem-oriented 

language; many data de iau l t  values are provided 

3*4 



B Common, automatic data-generation options fo r  a l l  

0 Automatic generation of nodes, element g r ids ,  

B Extensive number of warning and error diagnost ics  

data  types 

loads,  etc. 

- Data Postprocessinq 

e Extract se lec ted  subsets  of d a t a  for pr int /plot  
d i sp lays  

0 User-selected data  p r in tou t s  
e User-selected o n - l h e  and off - l ing p l o t s  

-Orthographic, p i c t o r i a l  geometry p l o t s  
- D a t a  d isplays superimposed on element gr ids  
-1socurve contour p l o t s  
-X-Y graphs 

0 In t e rac t ive  graphics 

Geometry Xodelinq 

0 Lofting of three-dimensional s t r u c t u r a l  codponents 
0 Maximum of 4095 nodes pe r  data  set  or  substructure  
e Local rectangular,  c y l i n d r i c a l ,  and spherical  

reference frames for node de f in i t i on  and for 
s t r u c t u r a l  response 

Boundary Conditions (BC) 

e Constraints on selected nodal freedoras 
0 Symmetric and antisymmetric options 

Elastic supports 
0 Maximum of 10 d i f f e r e n t  BC stages 

--- Struc tura l  Modelinq 

e Maximum of 32 767 elements 
0 Nodal freedoms with no stiffness are automatically 

8 Library of elements 
ignored 

-Axial ROD and general  BEAM 
-3lembrane PLATE and bending GPLATE elements 

-Built-up SPAR and COVER elements 
-Family of 3-D isoparametric BRICK elements 
-Grounded SCALAR spr ing (elastic support) 
-Shear rod (SROD) and shear panel (SPLATE) 
-Composite-material p l a t e  (@LATE) and built-up 

with or thot ropic  capab i l i t y  

composite CCOVER elements 
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-__. x u l t i l e v e l  Substructurinq 

e N o  l i m i t  on number of i n t e r a c t  l eve l s  
e Automa t i c  management of substructure  - in te rac t  data 
e Capabili ty for stress, mass, and vibra t ion  analyses 

A p p l i e d  S ta t ic  Loads 

0 Nodal loads 
e Element d i s t r ibu ted  loads 
a Thermal loading 
a Rotational i ne r t i a  loads 
e Specified displacements 
e Loadcase superposit ion 
e N o  l i m i t  on number of loadcases 

Linear Stress Analysis 

e Displacement formulation 
e Superposition of displacements and stresses 
e Freebody--internal nodal forces  on elements 
a Equilibrium checks 
a Stress contour plots 

Bifurcation Bucklinq &nalysis  

e Maximum of 400 degrees of greedom 

e Mode-shape plots 

a Geometric s t i f f n e s s e s  f o r  ROD, BEAN, PLATE, GPLATE, 
and BRICK elements 

-- Strensth iiesizinq 

e Fully-str  essed design 
-Panel buckling in t e rac t ion  
-Geometric and margin-of -safety cons t ra in ts  
-Thermal effects 

e Smoothing of res ized element properties 
s- Margin-of-safety p l o t s  

--I__ St ruc tu ra l  Optimization 

a Regional optimization of composite s t ruc tu res  
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M a s s  Analysis 

* 
e 

Maximum of 100 mass/weight d i s t r i b u t i o n  conditions 
Maximum of 32 767 nonstructura1 mass elerrrents 
Library of elements 

-ROD and general  BEAM 
-PLATE elements 
-Built-up SPAR and COVER elements 
-Concentrated SCALAR masses 

Detailed weight statements 
Diagonal, nondiagonal, and Guyan-reduced 
m a s s  matrices 
Panel-weight matrices 
Fuel and payload management 
Fuel and payload loadabi l i ty  diagrams 

V_ ibra t i o n  Analysis 

N o r m a l  m o d e s  and frequencies 
e Generalized mass and s t i f f n e s s  matrices 
e Maximum of 400 degrees of freedom 
e Mode-shape p l o t s  

F l u t t e r  Analysis 

e Assumed-pressure funct ion and doublet- la t t ice  

e Strip-theory method for subsonic incompressible 

0 Mach-Box method f o r  supersonic f l o w  
Residual s t ructural-f  l e x i b i l i t y  effects 

methods f o r  subsonic compressible flow 

flow 

e M o d e  in te rpola t ion  functions 
-Surface s p l i n e  
-Motion ax i s  and motion poin t  e 

-Polynomial 
-Beam sp l ine  

0 Automated V-g and '9natched pointt '  so lu t ion  options 
0 V-g and V-f f lut ter-solut ion p l o t s  

ATLAS Interfaces  w i t h  External Proqrams 

e ATLAS/FLEXSTRB--Interface ATLAS s t r u c t u r a l  and mass 
data w i t h  FLEXSTAB for performing ae roe la s t i c  and 
elastic s t a b i l i t y  analyses;  In te r face  F'LEXSTAB 
steady-state loads with ATLAS for performing 
stress ana lys is  and s t ructural-design functions. 

and in t e r f ace  NASTRAN input  data t o  ATLAS 

aerodynamic configurat ion programs with ATLAS 

e ATLASflASTRAN--Interface ATLAS input  data  t o  NASTRAN 

* In te r face  geometry input  data for the NASA-LRC 

3.7 



3.2 FUNCTIONAL ORGANIZATION 

The overall object ive during the design and development of 
the ATLAS computer program has been t o  provide an integrated 
s t ruc tu ra l  analysis  and design system for the synthesis of 
aerospace vehicles i n  a timely, thorough, and cost-effect ive 
manner, The system design has been based primarily on the 
convenient, user-selection of system functions as required for 
performing either s ing le  or mult idiscipl inary analysis/design 
tasks, Continued emphasis has been directed toward the 
development of a system that: 

Provides a common executive module for convenient and 
versatile user-controlled technical-analysis flow and 
control  of design cycles 

Provides a common data base tha t  e l i d n a t e s  duplicate 
input data preparation, and cent ra l izes  the control  of 
design data 

Provides data-management algorithms for convenient 
interfacing of the computational modules w i t h  ex te rna l  
computer proqrams 

I 

U s e s  data preprocessing and data generation codes to 
m i n i m i z e  the amount of input data,  and the  t i m e  required 
f o r  data  preparation and debugging 

Provides advanced engineering methodologies equally 
useful  fo r  performing design tasks i n  a small or large 
problem environment 

U s e s  automated s t ructural-s iz ing algorithms t o  minimize 
the amount of hand-sizing of s t ruc tu ra l  ‘ m e m b e r s ,  
pa r t icu lar ly  during preliminary design s tudies  

Provides data postprocessing codes t o  ex t rac t ,  
manipulate, and display (pr int /plot)  selected da ta  for 
monitoring analysi  s/des ign a c t i v i t  ie s 

Provides in t e rac t ive  capab i l i t i e s  for defining and 
ed i t ing  data files, for  executing selected system 
modules, and for generating on-line and off- l ine 
graphical displays 

Provides an open-ended, low-cost admission of new 
program codes 



The architecture developed f o r  ATLAS is a modular system of 
overlayed program codes with conunon executive and data-base 
management components as i l l u s t r a t e d  i n  figure 3-1.. Each module 
performs a well-defined engineering, mathematical, or  clerical 
task.  T h i s  modular design supports the  foregoinq system 
a t t r i b u t e s  and allows fo r  e f f ec t ive  development and maintenance 
of t h e  system. Furthermore, through central ized management of 
t h e  program modules, t h e  r e l i a b i l i t y  of t h e  aggregate code is  
increased. 

U s e r  in te r faces  w i t h  ATLAS are through the model-definition 
duta and the ATLAS execution-control da ta  (see f ig .  3-31. The 
model data  def ine the problem t o  be solved, whereas the control  
data spec i fy  which analysis  functions are t o  be performed. 

ATLAS has been designed t o  handle e f f ec t ive ly  those problems 
t h a t  require a s m a l l  number or  a very la rge  number of degrees of 
freedom. Generally, the only l imi t a t ions  on problem s i z e  a re  
those imposed by prac t i ca l  considerations of job-execution t i m e  
and by t h e  ul t imate  capaci ty  of the aux i l i a ry  s torage devices of 
t h e  computer i n s t a l l a t i o n .  ATLAS automatically performs many OE 
the mathematical calculat ions by out-of -core processing as  
required for l a rge  problems. A de t a i l ed  descr ipt ion of t h e  
system design is presented i n  the ATLAS "System Design Document.ff 

The primary funct ional  components of ATLAS, which provide tne 
analysis  control ,  data management, and technical computational 
capab i l i t i e s ,  a r e  a s  follows: 

a) Executive Modules 
b) Data B a s e  Management System 
c) Computational Modules 

Each of these components i s  described f u r t h e r  i n  sect ions 3-2-1 
through 3.2.3, respectively. 
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DATA BASE 

F i g u r e  3-1. ATLAS System M o d u l a r  D e s i g n  
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3.2.1 Executive Yodules 

The executive modules support the analys is  cont ro l  and data  
communication functions of the system, The executive modules and 
the i r  basic functions are as  follows: 

Precompilers -- Translate  the user-oriented ATLAS and 
SNARK executive-language directives defined by t h e  
execution control  data i n t o  equivalent FORTRAN 
statements, The r e s u l t i n g  FORTRAN code is compiled a t  
execution t i m e  t o  create an ATLAS Control Program 
module 

I_ Control Proqram -- Control the sequence and m o d e  of 
execution of selected computational modules as spec i f ied  
by the user-provided execution-control data. 
execution-control statement i n i t i a t e s  one o r  more s t eps  
i n  solving t h e  problem defined by We model-definition 
data .  

In t e rac t ive  Executive -- I n t e r p r e t  module execution- 
cont ro l  directives t h a t  are input using the  keyboard of 
a terminal during i n t e r a c t i v e  processing, and perform 
i n t e r a c t i v e  t e x t  ed i t i ng  of da t a  f i l e s ,  

Each 

ATLAS (0 ,O)  Overlay -- Monitor the execution of 
computational modules per i n s t ruc t ions  f r o m  the Control 
Program module - 

The executive modules, as i l l u s t r a t e d  i n  f igu re  3-1, allow ATLAS 
t o  be executed i n  a batch, on-line, i n t e rac t ive ,  or mixed 
computing environment ., 

Further descr ip t ions  of t h e  ATLAS execution cont ro l  data 
(execution directives) are presented i n  sec t ion  6 

3.2.2 D a t a  Base Manaqement System 

accomplished primarily by the  use of named, random-access d i s k  
f i les .  A l l  input  data interrogated by the preprocessors are 
s tored  i n  one f i l e ,  whereas t h e  data qenerated by a processor are 
s tored  i n  a separate  f i l e  tha t  is reserved for that module. Any 
of t h e  data stored i n  the ATLAS data base can be accessed by any 
one of t h e  computational modules. 

Automatic transmission of da ta  f r o m  one module t o  another is 



The names of a l l  t h e  data  f i les and data matrices associateu 
w i t h  the ATLAS System are predefined i n  t h e  codes, Options are 
provided, however, f o r  user-specif icat ion of c e r t a i n  data  niatrix 
names ( U s e r  Matrices) for  grea te r  v e r s a t i l i t y  of da t a  management 
during problem solving. Detailed descr ipt ions of t h e  ATLAS data  
f i les and data matrices a re  presented in t he  ATLAS *'Random A c c e s s  
F i i e  Catalog.*1 

T h e  S N A R K  software package, an i n t e g r a l  component of the 
ATLAS System, is used by t h e  ATLAS modules t o  t r a n s f e r  da t a  
matrices d i r e c t l y  from/to the  da ta  f i l e s  to/frorn data  a r rays  i n  
core. SNARK is a lso  used by the  ATLAS modules t o  manage the  
blank-common computer core (the primary work area) durinq t h e  
caoputational processes e The SNARK l i b r a r y  rout ines  for 
management of data  matrices and blank common, and the  user- 
oriented SNARK language f o r  performing matrix and sca l a r  
mathematics , can be used in defining ATLAS execution-control 
d i rec t ives .  These SNARK funct ions allow convenient access and 
manipulation of ATLAS data via a Control Program t o  perform 
spec ia l ,  user-defined computations, o r  t o  in t e r f ace  data I w i t h  
computer programs t h a t  a r e  external  t o  ATLAS. Further 
descr ipt ions of SNARX usaqe a re  presented i n  sec t ion  9. 

3.2.3 Compu t ationa 1 Yodule 

The three types of ATLAS computational modules and the i r  
basic functions are as  follows: 

a )  Preprocess= -- Head, decode and in te r roga te  t h e  model- 
de f in i t i on  data; gene ra t e  data based on a minimal number 
of input  parameters; load the  problem-execution restart 
data t o  resume processing, 

b) Processors -- Perform technica l  numerical computations 

c) Postprocessors -- Extract, format and display 
(pr in t /p lo t )  input  data and ana lys i s  r e s u l t s ;  save the 
problem data  f o r  restart of problem so lu t ion  by a 
subsequent job a 

A technical  processor performs a t a s k  t h a t  is  re la ted  t o  d 
par t i cu la r  enyineering theory or d i sc ip l ine ,  The STIFF'NSSS 
processor, €or example, contains the code that represents the 
f inite-element s t r u c t u r a l  theory used i n  ATLAS. Th i s  module 
computes the s t i fhess  and stress matrices for  t h e  f i n i t e  
elements used t o  def ine t h e  s t r u c t u r a l  model. 



Certain processors are u t i l i t y  i n  nature  i n  t h a t  they are 
used t o  perform general-purpose, normally out-of-core, 
matheIlrtatica1 operations.  Examples of such operat ions are t h e  
so lu t ion  of sets of l i n e a r  equations performed by t h e  CHOLBSKY 
module, and the  matrix addi t ion and mul t ip l ica t ions  performed by 
the XULTIPLY module. 

Table 3-1 contains a summary of a l l  the ATLAS computational 
modules and t h e i r  technica l  functions.  Each module is i d e n t i f i e d  
by a d i f f e r e n t  name. Generally, t h e r e  is a preprocessor and a 
p r i n t  postprocessor associated w i t h  each technica l  processor. 
That is, a preprocessor reads and i n t e r p r e t s  t he  set of data 
corresponding t o  a p a r t i c u l a r  technology, whereas a postprocessor 
generates formatted p r in tou t  of user-selected data corresponding 
t o  a certain technology, 

Certain preprocessors and postprocessors are u t i l i t y  i n  
nature i n  t h a t  they are not associated w i t h  a pa r t i cu la r  
processor. These modules, shown separa te ly  i n  f igu re  3-1, are 
used t o  perform t h e  spec ia l ty  funct ions noted i n  table ,3-7,  as 
needed. Exbxples of such operations are the i d e n t i f i c a t i o n  of 
subsets of nodes and elements i n  structural and mass models 
performed by t h e  SUBSET DEFINITION preprocessor, and the on-line 
ana o f f - l i ne  p lo t t i ng  of selected input  and calculated data using 
the GRAPHICS postprocessor, 



Table 3-1. ATLAS Preprocessors,Processors and Postprocessors 

TECHNXCAL FUNCTION 

IESIGN 

0 
0 

Define boun?ary conditions for structural model 

Calculate bifurcation buckling lodds and mode shapes 

Solve systeis of linear spretrlc equations 

Define strbctural resize data; Perform regional optimization of composite 
structures; Resize structural models based on a fully-stressed design. 
t h e m 1  and local-buckling effects, and geometric and margin-of-safety 
constraint's 

Define fini:e-element cross-section shapes for thermal gradients and 
stiffener locations for plate-element local buckling )ETA1 L 

Define substructure Interactjon problem 

d thermal gradients; Cumlate-static loads and spec 

MASS 
Define mass model that may complement STIFFNESS; Define fuel and paylbad 
management data; Generate mass matrices and detailed weight statements for  
primary and secondary structure, fuel. and payload . 

MATERIAL Define finite-element mterial property data and design-allowable stresses 
for STIFFNESS. STRESS, MASS. and DESIGN 

ST I FFNESS 

STRESS II Azsemble nHal displacements: Calculate element stresses and internal I nodal force: ; Superimpose dt:placements and stresses 
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4.0 PROBLEM-SOLVING USING ATLAS 

The following information is presented i n  t h i s  sect ion,  

a )  F'undamental considerations i n  preparing model-def i n i t i o n  
data for  an adequate mathematical model. 

13) The general  deck setup requirements for an ATLAS job. 

c)  Discussion of the automatic and user-selected da ta  
q u a l i t y  checks performed during job processing. 

4.1 DATA PKWARATION 

The  following da ta  preparation s teps  are suggested as a guide 
t o  be followed during t h e  c rea t ion  of a mathematical model of the 
physical problem t o  be solved, 

a )  Develop a thorough understanding of the physical 
problem. 

b) kra lua te  t h e  avai lable  information concerninq t h e  
physical  problem, 

c )  Deternine what r e s u l t s  are required. 

d) &Establish a plan f o r  t h e  data  preparation tasks ,  

0 Coordinate t h e  plan with t h e  individuals o r  group: 
of people that w i l l  contr ibute  t o  t h e  problem 
solving process, A mult id isc ip l inary  analysis  of a 
complex s t ruc ture ,  for example, may require  t h e  
coordination of many people so' that a properly 
phased and cost-effect ive analysis/design can be 
perf onnd - 

* I aen t i fy  any spec ia l  modeling problems associated 
w i t h  t h e  s t ruc tu re ,  special materials, m a s s ,  loads, 
and boundary conditions. A r e  there  advantages of 
using a substructured model? 

0 Select an appropriate method of ana lys i s  and 
establ ish a w o r k  breakdown of ana ly t i ca l  t asks  t o  
be perf orrned . 

m Develop '*road maps" for performing the  analysis  and 
f o r  ver i fying t h e  idea l ized  s t r u c t u r a l  m d e l  as i t  
relates t o  t h e  real s t ruc tu re ,  
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e Ident i fy  which u n i t s  of measurement are to  be used. ~ 

e) Define the  s t r u c t u r a l  and/or m a s s  t i n i t e  element model. 
This fundamental t a s k  i s  one of the most important tasks 
t h a t  must be performed during t h e  problem de f in i t i on  
phase of work. 

0 Establ i sh  t h e  geometry of the  physical problem, 
Can any of t h e  f a c i l i t i e s  provided f o r  de f in i t i on  
of three-dimensional geometry components be used 
e f fec t ive ly?  Ident i fy  any l o c a l  coordinate systems 
t o  be used i n  defining t h e  geometry. 

e Establ ish t h e  type of f i n i t e  elements and f i n i t e  
elextent g r ids  t o  be used i n  modeling d is t r ibu ted  
physical propert ies  of t h e  s t ruc ture ,  What are the  
primary load paths? Can the  symmetry propert ies  or 
t h e  s t ruc tu re  and load environment be exploited? 
Adequate modeling requires  t h e  engineering user  t o  
have an understanding of t h e  mechanics of the 
selected s t r u c t u r a l  f i n i t e  e leaents ,  t h e  
requirements for adequate modeling of the load 
environment, and t he  an t ic ipa ted  s t ruc tu ra l  
response 

e Define t h e  networks of nodes and elements f o r  t he  
model by transforminq t h e  ac tua l  hardware i n t o  a 
mathematical model- Are there advantages of usinq 
t h e  da ta  generation f a c i l i t i e s ?  Node and element 
numbering, i n  addi t ion t o  t h e  iden t i f i ca t ion  of 
mater ia l  and geometric element propert ies ,  are 
established during this s tep .  Orderly arrangements 
of node and element numbers allow f o r  more 
convenient i n t e rp re t a t ion  of t h e  cdlculated data. 

f )  Define any local ana lys i s  frames t o  be usedl and t h e  
k inesa t ic  boundary conditions f o r  t h e  nodes. 

e Ident i fy  the  coordi a te  systems t o  be used i n  
describing t h e  nodal kinematics 

Q Ident i fy  t h e  kinexnatic conditions e What nodal 
degrees of freedom should be supported 
(displacements spec i f ied)  or  re ta ined  for 
generation of reduced matrices? 

0 I f  a substructured model is t o  be used, e s t ab l i sh  
t h e  r e l a t ionsh ip  between t h e  substructure  
components How s h a l l  the  substructures  i n t e r a c t  
and how many leve ls  of in t e rac t ion  should be used 



f o r  e f f e c t i v e  problem solving? What types of 
parametric studies are' ant ic ipated? 

4) Define the loads ac t ing  on t h e  s t r u c t u r a l  model, What 
type of load environment m u s t  be accommodated? A r e  t h e  
loads d i s t r ibu ted  over the  sur face  of t h e  m o d e l  or are 
they conveniently lumped at selected nodes? 

Answers t o  some of the  foregoing quest ions are dependent 
s t r i c t l y  on t h e  physical problem t o  be solved, Some of t h e  
answers are learned primarily from experience gained i n  using 
f i n i t e  element methods t o  solve a ' v a r i e t y  of p r a c t i c a l  s t r u c t u r a l  
problems Fundamental considerations t h a t  w i l l  a id  t h e  ana lys t  
i n  preparinq an aaequate mathematical model, as w e l l  as how the 
fundamental c a p a b i l i t i e s  of ATLAS can be used t o  solve t y p i c a l  
problems, are presented i n  the remaining sect ions of t h i s  
document. In  the end, the engineering user  is responsible f o r  
the development of a properly-discretized mathematical model, and 
is responsible f o r  the method of ana lys i s  performed by using 
computer programs- 

1 

4.2 JOB DECK PREPARATIO'lJ 

The  primary coinponents of an ATLAS job deck i n  the  order i n  
which they  dre general ly  prepared for job processing are as 
follows: 

a )  ATLAS Model-Definition D a t a  D e c k  
b) ATLAS Execution-Control D a t a  Deck 
c) Conrol-Card Deck f o r  t h e  CDC 6600/CYBER 

T h e  d i f f e r e n t  types of input  data can be defined either by 
using cards or by using a computer terminal,  Some or a l l  of t h e  
data decks, f o r  example, can be prepared on-line and stored in 
d i s k  files or magnetic tape  files and then accessed, as required,  
i n  l i e u  of using da ta  cards. In describing the s t ruc tu re  of t h e  
various ddta blocks and t h e  job-execution control  statements, 
reierence i s  made pr imari ly  t o  t h e  card input  m o d e  for c l a r i t y  
purposes only, Therefore, -&e t e r m  "deckp8 refers to a certain 
blocr; of data, and no t  necessar i ly  a card deck. Furthermore, the 
tent. *tccazdt8 refers t o  a l i n e  of data, and not necessar i ly  a 
phys ica l  card 

The first major task during t h e  problem solving process is t o  
d e f i n e  t h e  mathematical model of t h e  physical problem by crea t ing  
a inodel-definition data deck, The format of model-definition 
data and dn overview of the  ATLAS modelinq c a p a b i l i t i e s  are 
described i n  sec t ion  5. Detailed descr ipt ions of a l l  input  data 
are presented. i n  t h e  User6s Manual, 
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The second major task i s  t o  def ine  t h e  execution-control data 
t o  specify t h e  method of ana lys i s ,  t h e  sequence of computations, 
and t h e  printed/plotted displays of selected data t o  be 
generated. These options are summarized in sec t ion  6. Detailed 
descr ipt ions of a l l  execution-control statements are presented i n  
t h e  Userns Manual. 

The t h i r d  t a s k  is to  def ine t h e  job cont ro l  cards fo r  the CDC 
6600/CYBER computer system on which the  job deck w i l l  be 
executed, These cards are required t o  access the ATLAS program, 
assign disk and/or tape files as required for s p e c i a l  data 
inanagement (e.g. 8 load data fi les for job-execution restart or  
manage of f - l ine  p lo t  f i l e s )  , and provide accounting information 
fo r  t h e  computer operating system. The cont ro l  cards used f o r  
t yp ica l  ATLAS jobs are described i n  sec t ion  7 and are i l l u s t r a t e d  
by the example problems i n  sec t ion  8. 

4 -1  f o r  joS processing. The end-of-record cards are used t o  
separate the decks, whereas the  end-of-fi le is used t o  t,erminate 
t h e  job deck. 

The three decks are stacked i n  the sequence shown in f iqu re  

Model -Def i n f t i  on Data Deck 

Execution-Con trol Deck 

JOB CONTROL CARDS 
Job Control Deck 
(ref. sec. 7.0)  

Figure 4-7, ATLAS Job Deck Setup 
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4.3 J O B  PROCESSING 

An ATLAS job can be executed i n  an in te rac t ive ,  on-line, 
batch, or mixed computing m o d e .  Generally, small problems are 
processed m o s t  conveniently by executing t h e  e n t i r e  job i n  t h e  
in t e rac t ive  or on-line mode, Solutions t o  la rge  problems are 
handled typ ica l ly  by performing selected preprocessinq and 
postprocessing act ivi t ies  i n  t he  in t e rac t ive  or on-line mode, and 
the remaining computational tasks  i n  the batch mode, The 
c r i t e r i a  used t o  select job processing modes are schedules, 
budget a v a i l a b i l i t y ,  and the maximum allowable computer-core 
a l loca t ion  t h a t  can be requested for on-line job execution, 

The f i r s t  phase of job processing should always include 
checking the  v a l i d i t y  of t h e  mathematical model. Although an 
extensive number of da t a  checks are performed automatically by 
t h e  preprocessors when t h e  data deck i s  read, use of t he  
convenience fea tures  provided by t h e  PRINT and GRAPHICS 
postprocessors should be exploited to  he lp  check the data  
in t eq r i ty  These f a c i l i t i e s  a re  pa r t i cu la r ly  valuablie during t h e  
data preparation and ve r i f i ca t ion  s t eps  i n  the solut ion of  la rqe  
problem, Printout  and p lo t s  of se lec ted  regions of the finite- 
element model and t h e  deformed s t ruc tu re ,  for example, are nuch 
more convenient t o  use than many pages of pr inted da ta  f o r  the  
e n t i r e  model- 

3uring execution, ATLAS attempts t o  t r a p  a l l  anomalies and 
provides a self-explanatory message t o  t h e  user  when one occurs. 
When the  code de tec t s  an ambiguity i n  t h e  da ta  which can be 
resolved without user  i n t e rac t ion ,  a warning message i s  issued 
and t h e  job execution proceeds uninterrupted. However, when a 
system error occurs,  OK when a f a t a l  inconsistency i s  detected i n  
the data or i n  the  execution loqic, an error messaqe is issued. 
In  this case, only the  execution d i r ec t ives  included i n  a u s e r -  
prepared "error procedure" within the  ATLAS control  deck are 
processed p r i o r  t o  terminating t h e  job (see sec. 6 ) .  Typically, 
an "error proceduretc i s  used t o  save t h e  problem data for 
subsequent restart  of job p rocesshg  a t  an intermediate so lu t ion  
s tep.  I n  a l l  cases, the word gtWARNINGg8 or the w o r d  i s  
included in the diagnost ic  messaqe issued to the output f i l e .  

For t h e  m o r e  cmplex  and cos t ly  analyses,  checkpoints should 
be ident i f ied  a t  intermediate s t e p s  i n  the so lu t ion  sequence, 
Again, t h e  f ea tu res  provided by t h e  P R I N T  and GRAPHICS 
postprocessors should be used i n  conjunction with the solut ion-  
accuracy checks t o  help qua l i fy  t h e  r e s u l t s .  U s e  of the  
execution res ta r t  f a c i l i t i e s  (see see. 6 )  allows job processing 
t o  begin a t  a selected checkpoint, subsequent t o  examination of 
t h e  intermediate r e s u l t s  
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4 .3 .1  Data Preprocessinq 

a s ingle  READ I N P U T  statement i n  t h e  ATLAS execution-control deck 
(see sec. 6 f o r  fu r the r  de ta i l s ) .  During.the da ta  preprocessing, 
an extensive number of checks on the  qua l i t y  of the  model input  
data are performed automatically. A l l  of the  data  are 
preprocessed, even i f  e r r o r s  are encountered. In  t h i s  manner, 
multiple data  errors can be detected and corrected pr ior  t o  re- 
execution of t h e  job, 

A l l  of the model-definition data  are read and interpreted by 

4 -3-2 D a t a  Postprocessing 

Formatted pr in tout  and graphical displays of selected input 
da t a  and ana lys i s  r e s u l t s  are generated only as requested by t h e  
user via appropriate ATLAS execution-control statements (see sec. 
b for  fur ther  de t a i l s ) .  N o  f a t a l  errors are issued during any of 
t h e  postprocessing activit ies i f  data  anomalies a r e  detected; 
only warning conditions a re  ident i f ied .  T h i s  convention is  base3 
on the premise t h a t  e r r o r s  encountered durinq postprocess$ng do 
not  necessar i ly  mean t h a t  t h e  job is  f r u i t l e s s  and a s  such, job 
processing is  continued, 

Many of t h e  input/output quan t i t i e s  associated with an ATLAS 
job a r e  referenced t o  t h e  nodes and elements used t o  def ine t h e  
mdthematical model. For example, geometry, node loads, 
displacements and lumped masses are associated w i t h  nodes; 
stresses, d i s t r ibu ted  loads, etc. are associated w i t h  elements. 
The SUBSET D E F I N I T I O N  preprocessor allows t h e  user  t o  iden t i fy  
groups of the nodes, s t i f f n e s s  elements and mass elements used t o  
def ine a model e Par t i cu la r  data-component labels ident i fying 
which data quan t i t i e s  are t o  be extracted f o r  a node/element 
subset can a l s o  be defined as l abe l  subsets .  

D a t a  associated w i t h  t h e  subsets can then be extracted and 
manipulated by other  ATLAS modules. This capabi l i ty  allows, f o r  
example, t h e  p r in t ing  and p l o t t i n g  of the node qeometry and 
element-definition da ta  associated w i t h  user-selected reqions, 
Visual examination of se lec ted  p a r t s  of t h e  model can thus  be 
effected. Furthermore, i n t e rp re t a t ion  and evaluation of the  
output da ta  associated with se lec ted  subsets  can be performed. 
For example, pr inted or  p lo t ted  subsets  of displacements, 
stresses and v ibra t ion  mode shapes can be examined by use of t h i s  
cctpability. A l l  ATLAS graphical d i sp lays  are  created by using 
subsets defined by SUBSET D E F I N I T I O N  inpu t  data.  
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subset-def i n i t i o n  data records a l l o w  the following types of 
manipulations t o  be performed: 

a )  Node Subset Defini t ions 
b) 
c) Element Subset Defini t ions 
d) L a b e l  Subset Defini t ions 
e) Extraction of bbbsets from Other Subsets 
f )  % f i n i t i o n  of Subsets via  Subset Combinations 
q )  Subset Modifications (Exclusions) 
h)  Node and Element Subsets Defined v i a  I so l a t ion  

Ordered Node Subset Definit ions ' 

of Geometric Regions 

Further descr ipt ions of the subset-def i n i t i o n  capab i l i t i e s  and 
t h e  format of t h e  SUBSET DI1;FIMITION input  d a t a  a r e  presented i n  
sect ion 756 of the User's Manual. 

4 . 3 . 3  Solution Accuracy Checks 

The model-definition input  data  used to  i6ea l izp  the physic<Al 
problem are transformed automatically i n t o  systems of 
simultaneous equations. Solutions t o  these equations should be 
checKed for correctness ,  primarily to  see how w e l l  the 
mathematical model performed during t h e  solut ion s teps .  I f  a 
solut ion has been qenerated, are the results reasonable? lf the 
r e s u l t s  are not  redsonable or i f  t h e  equations can not  be solved 
uniquely, what modifications must be macle t o  the mathematical 
model t o  overcome these dilemmas? 

I n  addi t ion t o  the extensive number or input  da ta  checks 
performed by t h e  various ATLAS noaules, many solution-accuracy 
checks are ei ther  performed automatically o r  are provided as  
execution opt ions.  Structural-model q u a l i t y  checks performed 
duxing t h e  problem so lu t ion  process are described i n  sect ion 
5-2.6,  whereas those solution qual i ty  checks per ta ining t o  
spec i f i c  types of analysis  a re  described elsewhere i n  sec t ion  5.  
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5 -0 MODEL-DEFINITION DATA 

The f i r s t  phase of t h e  problem-solving process requires  the 
d i s t r ibu ted  physical propert ies  of the s t r u c t u r e  and its load 
environment t o  be approximated by d i s c r e t e  quan t i t i e s ,  thereby 
making t h e  physical problem amenable t o  mathematical analysis ,  
During data preparation, therefore ,  t h e  d i s t r i b u t e d  
characteristics of geometry, s t r u c t u r a l  materials, and 
environment are transformed by t h e  ana lys t  i n t o  a set of ideal  
characteristics t h a t  are used t o  establish t h e  model-definition 
data,  These data,  as input  t o  t h e  computer program, are 
converted by t h e  program i n t o  a mathematical model character ized 
by a system of equations t h a t  is also solved by the program, 

The c r ea t ion  of an accurate mathematical model of the 
physical problem, of ten  called t h e  process of idea l i za t ion ,  
requires  the engineer t o  have an understanding of t h e  raechanics 
of t h e  selected s t r u c t u r a l  materials and f i n i t e  elements, t he  
requirernents for adequate modeling of t h e  load environment, and 
t h e  an t ic i2a ted  s t r u c t u r a l  response. These cr i ter ia  are 
e s s e n t i a l  fo r  a successful analysis/design, pa r t i cu la r ly  fox 
complex s t r u c t u r e s  and environments. I n  the end, it i s  t h e  
enqineerFs r e spons ib i l i t y  t o  develop a properly d i sc re t i zed  
mathematical model, and t o  i n t e r p r e t  properly those r e s u l t s  
calculated by t h e  computer program, Fiqure 5-1 i l l u s t r a t e s  the 
essence or transforming the real s t r u c t u r e  i n t o  an ideal ized 
s t r u c t u r a l  model fo r  automated analysis/design, 

The coinponents of an ATLAS mathematical m o d e l  are defined by 
the model-definition data deck, Each component, referred t o  as 
ar? input data  set, describes a p a r t i c u l a r  c h a r a c t e r i s t i c  of the 
model, Exaxtple data sets are those used to describe the  
geometry, boundary conditions,  material propert ies ,  s t i f f  n e s s  
d i s t r ibu t ion ,  rnass d i s t r ibu t ion ,  and t h e  load and temperature 
d i s t r ibu t ions .  The o v e r a l l  s t r u c t u r e  of an ATLAS model- 
defi3ition decK is described i n  sec t ion  5.1. 

P r i n c i p c t l  f a c t o r s  that should 5e considered during var ious 
ty i jes  of m d e l i n g  anir problem solving are presented i n  t he  
following sect ions.  The discussions refer primarily t o  the  
model-definition data, however, those data t h a t  are input by the  
ATLAS execution-control statements, a s  related t o  t h e  problem 
fonnulat ion process, are a l s o  described when necessary, 
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Section Description 

5 . 1  
5 -2 
5.3 
5.4 
5.5 
5 . 6  
5 .7  
5 . 8  
5 .9  
s .10  

D a t a  Deck St ruc ture  
S t ruc tu ra l  Model 
Mass Dis t r ibu t ion  Model 
S t a t i c  Loads 
S t r e s s  
Buckling 
Vibration 
F l u t t e r  
Substructured Models 
St ruc tu ra l  Resizing 

The reader w h o  is  only in te res ted  i n  se lec ted  types of modeling 
need on ly  read t h e  corresponding sect ions,  i n  addi t ion t o  section 
5.1, and skip t o  sec t ion  6 .  

5 (. 1 DATA bECK STRUCTURE ( U s e r ' s  Manual; sec, 100) 

A n  ATLAS model-definition da ta  deck (see fig. 4-1)t, is 
composed of one o r  more input  da t a  sets, Each data  set (a  block 
of intormation) corresponds t o  a c e r t a i n  technology, and i s  read 
by one of the ATLAS data preprocessors, An input  da t a  set  and 
i t s  corresponding preprocessor are  i d e n t i f i e d  by the same nxne, 
Thus, the  LaADS data set is read by t h e  LOADS preprocessor. 

The oraer i n  which the  input data sets are stacked w i t h i n  a 
cizlta ueck for standard types of analyses, as shown i n  table 5-1, 
corresponds t o  the na tu ra l  sequence followed during preparation 
of mae l -de f in i t i on  data.  Thus, for  example, when a s t r u c t u r a l  
model is winq created,  t h e  NODAL (geometry) data are generally 
prepared f i r s t ,  followed by t h e  BC (boundary condition) da t a  and 
the  STIFFNESS (finite-element) data.  The E3C data  must follow t h e  
NODAL da t a  for t h i s  example, but L!e STIFFNESS'data set could be 
input first. Optional data-set  input orders  are described i n  the  
U s e r  e s R a m a l .  

Only those data sets t h a t  are required t o  def ine the problem 
to be solved need be included i n  the da ta  deck, Those data sets 
which are required, and those data sets which are opt ional  f o r  
standard types of analyses are i d e n t i f i e d  i n  t a b l e  5-1. I f  t h e  
current  computer job is  an execution res tar t  from a checkpoint 
es tabl ished by a previous job, t h e  checkpoint da ta  (problem da ta  
saved f rom t h e  previous job) mst be provided i n  aadition t o  any 
new data  sets t o  be used i n  conjunction with t he  previous 
mathernar.ica1 model. Execution checkpoint/restart  fac i l i t i es  are 
described i n  sec t ion  6 -  



Table 5-1. Model -Def in i t ion Input  Data f o r  Standard Types o f  Analyses 

Typical Stacking Sequence 

deck. Only those data needed by the execution-control statements specified in the 
Control Deck, however, are used during j o b  processing. 
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T h e  basic component of an input  d a t a  set is a da ta  record and 
its data itens, Their  r e l a t ionsh ip  i n  a data deck i s  defined a s  
follows: 

Data Deck -- One o r  so re  da ta  sets  a )  p-7 

b) Data Set -- A block of input  data t h a t  i s  associated 
with a p a r t i c u l a r  technology. A data set may include 
one or more da ta  subsets. 

c) Data Subset -- A logical  group of da ta  within a data  
set. A data  subse t  (and a d a t a  set) i s  composed of many 
da ta  records.  

d )  Data Record -- A record comonly implies one data card 
(one l i n e  of data)  I dthough it inay requi re  t w o  o r  m o r t -  
cards ,  Each data  record i s  composed of one or more da ta  
i t e m s .  

e )  Data I t e m  -- E i t h e r  a number or an alphanuiyric word 
(character  s t r i n g )  

Figure 5-2 i l l u s t r a t e s  t h e  r e l a t ionsh ip  of these components 
within a data  deck for an ATLAS stress analysis ,  For  t h i s  
exmple,  the following data  sets  are i l l u s t r a t e d .  

a) NODAL 
bf E3C (Boundary Condition) 
c) STIFFNESS 
d)  Lams 

The f i r s t  record of a da ta  deck can be either BEGIN PROBLEM DATi, 
o r  the f i r s t  "BEGIN Set-Name DATAtB record ot a data set  (BSGIN 
NODAL DATA fo r  t h i s  example). The last record of a aa t a  deck, 
however, must be an END PROBLL? DATA record. During job 
processing, t h e  e n t i r e  data  deck is  in te r roga ted  by a s ing le  R E F 3  
I N P U T  statement i n  t h e  execution-control deck (see sec, 6 ) .  

Each data  set beqins w i t h  a record of the  f o r m  "BEGIN Set-  
Name  DATA" ana ends w i t h  an "END S e t - N a m e  DATA" record. 
Furthermore, an input  da ta  subset  i s  i d e n t i f i e d  by a record of 
t h e  form "BEGIN Subset-Name DATA'' and i s  terminated by i t s  "END 
Subset-Name DATA'@ record,  For t h e  example shown i n  figure 5-2, a 
STIFFNESS data subset is i d e n t i f i e d  by t h e  record BEGIN ELEMENT 
DATA, and a LOADS data  subset is i d e n t i f i e d l  by the BEGIN NODAL 
LoAD DATA record.  Each w o r d  and number spec i f ied  by the  da ta  
records is  referenced as a data i t e m .  
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General r u l e s  concerning input  data  formats f o r  a l l  data  
records, data  items, and da ta  comments are described i n  t h e  
following sect ions.  

5.1.1 Input Options and Format 

I n  describing the  s t ruc tu re  of the input  data, reference is  
made primarily t o  the  card input xode for c l a r i t y  purposes only. 
Xnstead of using data  cards, for example, other  storage media 
such as d i s k  fi les created by an in t e rac t ive  t e r n i n a l  can be 
used. Thus, t h e  t e r m  '@cardtf r e f e r s  t o  a l i n e  of data ,  and not  
necessar i ly  a physical card. Furthermore, t h e  term "deck" refers 
to a c e r t a i n  block of data,  and not necessar i ly  a physical card 
deck. 

All data i t e m s  a r e  input i n  a problem-oriented Language us i r . ,~  
a f ree-f ie ld  format w i t h  blanks, comas, colons, semicolons, or 
card boundaries as i t e m  separators  (delimiters). All 80 column:; 
of a card can be used t o  input  a sequence of data items. Two 
forms of record input,  referenced as YODEl and YODE2, can be 
used. 1 

a)  XODE1 -- The end of a data record is  ident i f ied  either 
by t h e  / s ~ p b o l  o r  the $ symbol. intormation f o l l o w i n r !  
the / symbol are  t r ea t ed  as  da t a  deck coments  (see sec-. 
5 . 1 . 3 ) ,  whereas information followinq the  $ synbol are 
assumed t o  be data i t e m s  f o r  t he  next  data  record. A 
sequence of da ta  items may continue onto a s  many cards 
a s  required t o  complete a data record. 

b} MODE2 -- Functions t h e  same as  LYODEl except the r iqh t -  
hand boundary of a card a l so  a c t s  as a record 
terminator, and a plus s ign ( + )  must be usea as t h e  l a s t  
character on a card when t h e  record continues onto the 
next card ., 

Tne input of four data  records is shown below t o  illustrate 
the t w o  input k o r m a t s .  Each l i n e  denotes a card image. 

Exhlnple MODE? Input: -- 
*/ MODE1 / 
B E G I N  STIFFNESS DATA $i BEGIN 
ELENEN?' DATA / IlATA COiXmNTS CAN BE INPUT AFTER THE SLASH SmBOL.  
PLATE 5 14 15 5 - 1 5  / 
PLATE 8, 1 6 ,  2 0 ~ 2 2 ,  -20 / 
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- -  E x a E l e  XODE2 Input: 

*/ MODE2 / 
BEGIN STIFFNESS DATA $ BEGIN + 
ELEWNT DATA / DATA COXNENTS CAN BE INPUT AFTER THE SLASH SYMBOL. 
PLATE 5 14 15 6 . 
PLATE 8 ,  16, 20,22 -20 / 

130th input-format modes can be used to  def ine data  records i n  
d data  deck. The i n i t i a l  input  mode is  set  t o  MODE1 o r  MODE2 by 
the READ INPUT statement i n  t h e  ATLAS execution-control deck (see 
sec. 6 )  .. The input  for3a t  can then be changed anywhere within 
t h e  data  deck by use of one of t h e  following input  records: 

*/ MODE1 / 
*/ MODE2 / 
T h e  input  mode specif ied by the  RIWD I N P U T  statement remains 
e f fec t ive  u n t i l  it is  changed by one of these records.  D a t a  
records following one of these types of records are interpreted 
i n  the corresponding node, The l as t  inpu t  format specif ied by a 
record of t h i s  type remains e f f ec t ive  u n t i l  another record of 
t h i s  type is input ,  

The format of each data i t e m  is identifies as one of the 
following : 

a) D e c i m a l  Nurnbey -- A pos i t ive  or  negative nwnber input 
either w i t h  a decimal point  o r  by use of t h e  FORTRAN E- 
Format 

b) Inteqer  Number -- A posi t ive or  neaative number without 

c)  Alphanumeric Word -- An i t e m  w i t h  a t  leas ' t  one 

a decimal point  

nonnumeric character  tha t  cdn not  Le interpreted iis a 
"decimal** or  an t@inteqer19 number 

d )  Alphanumeric Text -- Text s t r i n g s  may include any 
character  except # (a quotation mark when using a 
terminal)  (. A t e x t  s t r i n g  is i n i t i a t e d  by the two 
characters * #  and i s  terminated by t h e  #'character. 

User-def i n e d  alphanumeric \sards are  used, €or examFle 8 as 
loadcase labe ls ,  mater ia l  reference codes, and element-property 
reference codes .. Other alphanumeric words, referenced as key- 
words8 must be input  exact ly  as shown i n  t h e  de ta i led  record 
descr ipt ions presented i n  t h e  User's Xanual- Example key-words 
are i l l u s t r a t e d  i n  f igure  5-2, which are primarily the words used 
t o  dekine the  ddta-set and data-subset separator  records. 



Alphanumeric t e x t ,  which is a sequence of user-defined 
characters is  used primarily for data-set related titles t h a t  
are displayed i n  p r in tou t  of the corresponding input  and 
calculated data 

A s  noted i n  table 5-1, t h e  use of many da ta  sets is  op t iona l  
i n  defining a mathematical ;nodel for a c e r t a i n  type of ana lys i s ,  
Many data subsets are a l so  iden t i f i ed  a s  being optional. Input 
of these data i s  not  required i f  the corresponding de fau l t  da t a  
values are acceptable f o r  d e f i n i t i o n  of the  problem. Additional 
de fau l t  values and opt iona l  formats are provided for many of the  
da ta  i t e m s .  I f  the  de fau l t  value of a data i t e m  is acceptable 
for def in i t i on  of the problem data, t h e  corresponding item need 
not be input,  Select ion of t h e  d e f a u l t  values for the many 
required quan t i t i e s  characteristic of finite-element ana lys i s  has 
been based primarily on the  frequency of U S ~ K  requirements during 
model-def i n i t i o n ,  This  approach helps t o  minimize t h e  amount of 
input data t h a t  t h e  user  must prepare, and y e t  provides t h e  
options and f l e x i b i l i t y  t h a t  are required for  modeling a wide 
va r i e ty  of problems r 

T h e  standard u n i t s  of measurement used for ATLAS model- 
d e f i n i t i o n  data  are length i n  inches, force and weight i n  pounds, 
ana temperature i n  degrees Fahrenheit. Canpatible un i t s  of o ther  
input i t e m s  a r e  noted i n  the  detailed descr ip t ions  of the data 
records i n  the UserBs Manual, The user may, however, choose to 
perform an ana lys i s  using any sys t em of u n i t s  t h a t  is  desired, 
provided t h a t  consistency of u n i t s  is ensured throughout t h e  
ana lyses  performed by the selected computational modules. 

5.1.2 II_ D a t a  Generation 

c a p a b i l i t i e s  a r e  provided f o r  convenient defi 'nition of s t r i n g s  
and g r ids  of nodes, elements, boundary conditions, loads, m a s s  
pdnelsr etc. U s e  of t hese  options reduces t h e  amount of required 
user-supplied model-def i n i t i o n  data 

One-dimensional and two-dimensional data generation 

T h e  t w o  types of data generation c a p a b i l i t i e s  inherent t o  
AI%AS are: 

a )  Special ized Options -- Automatic generation of inpu t  
data associated w i t h  a p a r t i c u l a r  data preprocessor, 
Typical examples are the  generation of nodes and 
coordinates , elements, and the ove ra l l  geometry data 
required f o r  finite-element modeling, as w e l l  a s  t h e  
carefully-selected de fau l t  values  f o r  many of t h e  
required quan t i t i e s ,  Another example of special ized 
data  generation is t h e  A T l i s t  TO b BY cw s t r i n s -  
generation option provided by many or t h e  preprocessors, 



The generated sequence begins w i t h  #'at* and ends with '*bVR 
where the Vif* intermediate values  are generated by 
adding n*c t o  "aH. Thus, the sequence t82,4,6,8,10*t can 
be input  as '$2 TO 70 BY 2** and tne  sequence 
**T1A02,T1A05,T1A08,T7A11n could be input by t he  l'T1A02 
TO T l A l 1  BY 3" character  s t r i n g .  

data records, or generation of complete data records. 
Each of these options is control led by a n  aster isk- type 
data i t e m  which can be used i n  any input data record. 
M.1 types of data i t e m s  except alphanumeric t e x t  can be 
generated by use of these fea tures ,  as described b e l o w ,  
where N i s  an unsigned in t ege r ,  

b) Standard Options -- Automatic generation of i t e m s  within 

5 )  

*N -- A data i t e m  of the form *N denotes t h a t  the 
next N data i t e m s  i n  a record are i d e n t i c a l  t o  t h e  
corresponding N i t e m s  i n  t h e  preceding record. 

** -- Double a s t e r i s k s  denote t h a t  a l l  of t h e  
remaining i t e m s  in  a record are i d e n t i c a l  t o  the 
corresponding items i n  t h e  preceding record. 

*=N -- A data  i t e m  of t h e  form *=N denotes that the 
next N items i n  a record are i d e n t i c a l  t o  the  
immediately preceding i t e m  in that record. 

*=NkSTEP -- A data i t e m  of the form *=N+STEP, where 
STEP is an unsigned numeric i t e m  ( integer  o r  
decimal), denotes t h a t  t h e  next N i t e m s  i n  the 
record are t o  be generated by consecutively 
incrementing the  immediately preceding i t e m  i n  that 
record by *STEP, 

*+N -- A data record beginning with these 
charac te rs  denotes t ha t  t he  next N records are t o  
be generated f r o m  the preceding record by adding an 
item of the *+N record t o  the correspondins i t e m  of 
the irnntediately preceding record, A zero  ( integer)  
i t e m  is used i n  an *+N record t o  indica te  t h a t  an 
alphanumeric word i n  t h i s  record is i d e n t i c a l  t o  
t h e  corresponding alphanumeric word i n  the  
preceding record. Any combination of the preceding 
a s t e r i s k  i t e m s ,  1 through 4 above, may be used i n  
an *+N record. 

i t e m  i n  an *+N record tha t  is  t o  be added LO a NOTE: An 
corresponding i t e m  i n  t h e  precediny record (see 5 above) 
and t h e  STEP i t e m  (see 4 above), m u s t  m e e t  c e r t a in  
requirements. The i t e m  must be a decimal number i f  t h e  



corresponding i t e m  is a decimal number, whereas it must 
be an in teger  i f  the corresponding i t e m  is an in teger  
number or an alphanumeric word- 

Consider t h e  following seven data records t o  i l l u s t r a t e  the 
as t e r i sk ,  automatic-generation input  features. 

1 2  3 4 5 6 7 8 9 10 11 12 / 
2 1 *2  4 *=2 1 *=2+2 ** f 
*+1 0 *=3 0 *=5 ** / 
*+1 0 *=$I  f 
*+1 +12 f 
* + I  ** / 
** / 
Twelve data items are defined by each of these records. Each 

of the last six records is t rans la ted  i n t o  the same i n t e r n a l  
record which is  

2 1 3  4 4 4 4 1 3  5 11 t 2 /  1 .  

I f  this par t i cu la r  sequence of data w e r e  required within a data 
deck, the l as t  f i v e  records could be replaced by the s ingle  
record 

*+5 ** / 
t o  achieve the s a m e  results. 

Generation of alphanumeric i t e m s  is i l l u s t r a t e d  by t h e  
following two records. 

TY1 TO TY15 *=2+2 10.0 / 
*+2 1 0 2 3 4 1.0 / 

These records are equivalent t o  t h e  following records: 

TY1 TO Tu15 TY17 TY79 10.0 / 
TY2 TO -17 TY20 TY23 11.0 / 
TY3 TO Ty19  TY23 TY27 12.0 / 

I n  some cases, t h e  data generation capabilities can be used 
even though some of the generated i t e m s  are not required, The 
@'extranQ data are simply iqnored. If this s i t u a t i o n  is allowed, 
it is noted accordingly in the detailed record descr ipt ions 
presented i n  t h e  U s e r E s  Xanual, 
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5-1.3 D a t a  Comments 

User-defined comments, i n  t h e  form of t e x t ,  may be embedded 
i n  a data  deck for conveniences of data i den t i f i ca t ion ,  User 
comments, which do not  a f f e c t  any of t h e  data preprocessing 
activities, can be included within a data deck in t h e  following 
ways: 

a) Comrnents may be input  at the end of a data record, 

continue t o  t h e  right-hand boundary of t h e  card, 

The 
symbol is input  followed by t h e  eomwtents, w h i c h  may 

b) A l l  characters  i n  a record beginning with the t w o  
characters */ are treated as user  coments ,  The f i r s t  
word i n  a record of this type must not  be MODEl or 
MODE2 

c) Coments enclosed between t h e  characters * (  and 1 may be 
inser ted  any place within a data record, Pairs of 
parentheses, data-item delimiters and record termination 
characters aay be included within this type of comment, 

U s e r  comments of types (b) and (c) may continue onto mult iple  
cards, a s  required.. Continuation and termination of t he  data 
record are described i n  sec t ion  5 . 1 - 1  f o r  t h e  MODE1 and MODE2 
input formats. 

Examples  : 10 2.0 3.0 100.0 / DEFINITION OF NODE 10 
*/ NODE 3 1  IS DEFINED BY THlE NEXT RECORD/ 
1 1  *("HIS IS NODE 1 1 )  4.0 3.0 lOO.O/ 

5 . 2  STRUCTURAL MODEL 

The process of s t r u c t u r a l  modeling involves 'assembling an 
aggregate of node points  and f i n i t e  elements. The qeometric and 
mater ia l  propert ies ,  plus  the m a s s  dens i ty  of the s t r u c t u r a l  
f i n i t e  elements are defined by t h e  STIFFNESS data set. The nodal 
grid is  defined t o  conform t o  t h e  s t r u c t u r a l  arrangement, and t h e  
element g r i d  is defined t o  represent equivalent s t r u c t u r a l  
characteristics 02 t h e  real s t ruc ture ,  These data, together with 
boundary conditions,  def ine the  s t r u c t u r a l  model for static and 
dynamic analyses. 
can be calculated d i r e c t l y  from t h e  s t r u c t u r a l  model data .  
Additional m a s s  d i s t r ibu t ion  capab i l i t i e s ,  such as finite-element 
modeling of d i s t r ibu ted  nonstructural  masses, are discussed i n  
sect ion 5.3.  I f  only a weights analysis  is t o  be performed, 
stiff ness ( s t ruc tu ra l )  f i n i t e  elements a r e  not  required, In this 
case, a mass model i s  used that i s  comprised of a nodal g r id ,  
boundary conditions, and mass data ( re f .  sec, 5.3) . 

The mass associated with the  s t r u c t u r a l  m o d e l  
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A s t r u c t u r a l  model i s  iden t i f i ed  by an in teqer  SET number i n  
t h e  following required input  aata sets. 

a) NODAL 
b) BC (Boundary Condition) 
c) STIFFNESS 

As many as 36 d i f f e r e n t  s t r u c t u r a l  models (SET numbers 1 through 
3 6 )  can be defined i n  one ATLAS job. Corresponding t o  each 
s t r u c t u r a l  model, 10 d i f f e r e n t  groups of boundary conditions can 
be speci t ied.  Each group of BC da t a  is iden t i f i ed  by an inteqer  
S?P,GE number, Therefore, a s t r u c t u r a l  m o d e l  with a pa r t i cu la r  
set of boundary conditions is i den t i f i ed  by a SET number and a 
STAGE number e 

The various components or a s t r u c t u r a l  model a r e  discussed i n  
the following sect ions e 

-- Section I DescriPtion 

5.2.1 -- Coordinate systems used fo r  referencing input  da t a  and 
output data  

5.2.2 -- Nodal data  used t o  def ine  t h e  model geometry 

5,2.3 -- Boundary conditions ma kinematics associated 
with t h e  s t i f f n e s s  equilibrium equations 

5.2.4 -- Chardcterist ics of t h e  ATLSiS s t i f f n e s s  f i n i t e  elements 

5.2.5 -- Fundamental modeling considerations 

5.2.6 -- Node1 data  and solution-accuracy qua l i ty  checks 

Formatted pr in tout  of the s t r u c t u r a l  modeel  da t a  (nodes, 
coordinate systems, elements and boundary conditions) can be 
generated by including appropriate  "PRINT IiJPUT" statements i n  
the execution-control deck'  (see sec. 6 and the U s e r t s  Manual; 
secs, 20b,24b, and 252) - Pictorial  plots of the node and e l e m e n t  
g r ids ,  a s  w e l l  as contour p lo t s  of the element propert ies  can 
also be created using t h e  GRAPHICS postprocessor (see sec. 6 . 3 ) .  

5.2.1 Reference Frames ( U s e r ' s  Manual; sec. 146) 

There is  one GLOBAL (cormnon) coordinate system used f o r  
re terencing t h e  input data  an3 output da t a  associated w i t h  a 
s t r u c t u r a l  and/or m a s s  model- This coordinate systen is a r ight-  
hanaed, Cartesian t r i a d  denoted by X-Y-2 .  In  addi t ion t o  t h e  
GLOBAL reference frame, t h e  analyst  may f i n d  it convenient t o  
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det ine  addi t iona l  l oca l  reference frames by the  NODAL da t a  set 
( U s e r Q s  Manual; sec, 146)  f o r  the following purposes: 

Node Definit ions _I -- Input nodal data relative t o  local 
frames 

-- Node Kinematics -- Measure node kinematics re la t ive t o  
local analysis  frames. Kinematics include the  
t r ans l a t ion  and ro t a t ion  components resu l t ing  from 
s t a t i c  loads,  the mode shape components associated w i t h  
buckling or vibra t ion  analyses,  and the boundary 
conditions (e-9-  , zero and nonzero support  
displacements) - 
- Load Directions -- Input magnitudes of mechanical forces 
r e l a t i v e  t o  local frames a t  nodes 

Mass Xnertias -- Measure input  and output,  concentrateo- 
mass moments of i n e r t i a  relative t o  local frames 

Geometry Components -- Define t h e  geornetry of t he ,  
s t r u c t u r a l  and/or m a s s  model usinq one o r  m o r e  geometry 
conponents. Node locat ions for  a component are input  
r e l a t i v e  t o  a local frame, Orientation of a component 
r e l a t i v e  t o  t h e  t o t a l  model i s  established by the o r i g i n  
and or ien ta t ion  of t h e  local frame. 

A l o c d  frame can be a rectangular  x-y-z, a cy l ind r i ca l  r-6- 
z ,  or a Spherical  p - 8 - 0  coordinate system. A l l  coordinate 
systems are orthoqonal and right-hanued a s  shown i n  figure 5-3. 
The or ien ta t ions  of all local frames r e l a t i v e  t o  the GLOBAL fra:ne 
sre designated by the ana lys t  v i a  the  NODAL data set, 

An input  (def in i t ion)  reference frame and an analysis  
(kinematic) reference frame are associated w i t h  each node. The 
‘tnalysis frame used t o  aedsure t h e  kinematics of a node can be 
a i f f e ren t  from the input  reference frame used t o  loca te  t h e  node. 
Furthermore, the analysis  frame of one node can be d i f f e ren t  from 
the analysis -frame of another node, I f  local reference frames 
~ z e  no t  usedc t h e  input  and ana lys i s  frame for all nodes is  t h e  
hLOBAL frame a 

There is  a set of six,  ordered degrees of freedom associatea 
with each node- The labels  usea t o  i d e n t i i y  these kinematic 
freedoms and t h e  labels used t o  i d e n t i f y  the corresponding nodal 
forces, f o r  each type of reference frdme, a re  shown i n  f i gu re  5- 
3 .  
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=x: GLOBAL 

F m m .  

ICODAL 'NODAL hEF%FENCE: FREt'4E TYIE 

NUIWEF. &iriematic Force K i n e m 3 t l c  Force 3' inotcaLic Force '  
FF EECO:-l X E C t  anqu  1 ar I C*fLir,drical S T H - r i c a l  

L a b e l  Label Label Lab21 . Lab21 I,abel 

1 TX FX TR FR TR F2. 
2 TY FY TT Fl' TT ET 

TZ F Z  TZ FZ SP FP 
4 I\h i.i X RR MR RR f.iR 
3 

5 RY MY RT MT RT MT 
6 R Z  M Z  RZ MZ R P  MP 

..., 

Rec t angu 1 ar 
Local (or GLOBAL} 

F rpe 

GLOBAL 
Frame 

Cy1 indr ical  
local  Frame 

Spherical 
l oca l  Frame 

F i gure 5-3. K i  nemat i c and [Force] Label s and Conventions 
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Figure 5-4 i l l u s t r a t e s  t he  use of several reference frames to 
define and analyze a simple s t r u c t u r a l  model. Local frames, 
i den t i f i ed  by t h e  ana lys t  as  Wl and R F 2 ,  dre used t o  def ine a 
load d i rec t ion  a t  node 4 and an ana lys i s  frarne a t  node 6 ,  
respectively.  U s e  of the ana lys i s  frame W 2 ,  €or example, allows 
for convenient handling of t h e  kinematics associated with the  
incl ined su;?portc. 

An "element reference frame'' is  associated with each of the 
structural f i n i t e  elements and s o m e  of the mass f i n i t e  elements 
Tne  s ign conventions used €or t h e  input  sect ion propert ies  and 
the cdlculated stresses a r e  based on t h e  or ien ta t ion  of these 
reLerence frames. Optionally, d i s t r ibu ted  elernent loads can be 
definea r e l a t i v e  t o  t h e  elernent reference frames. Each element 
reterence frame i s  a right-handed, rectangular t r i a d  t h a t  i s  
or iented according t o  a sequence of nodes. The nodes are 
designated by t h e  analyst when t h e  corresponding f i n i t e  element 
i s  defined. Descriptions of a l l  element reference frames a re  
presented i n  appendices B and C of the  U s e r  Os Manual, 

3.2.2 G e o m e t r y  and Modes (UserCs Manual; secs. 126,  1 4 6 ~  and 
246) 

T h e  geometry of the 2hysical s t ruc tu re  is ideal ized a s  a 
network of nodes (points) i n  three-dimensional space. Structur<Sl 
characteristics are ideal ized by f i n i t e  elements t h a t  are 
interconnected a t  t he  nodes, I t  is not  necessary, however, EO 
have each node connected t o  a n  element. Auxiliary nodes, for 
example, can be used f o r  or ien t inq  the pr inc ipa l  bendinq axes o f  
d &LAM element or fo r  aef ining t h e  na tura l  mater ia l  axes f o r  
or thotropic  elements. A maximum of 4095 nodes can be used t o  
def ine a t o t a l  model or a suastructure  component. 

A node can be defined with three or four  coordinates. !?odes 
w i t h  tour coordinates are referenced as mid-surface' nodes used 
primarily f o r  det ining SPAR, COVER and CCOWR elements (see sec. 
5.2.4) .  Coordinates of a mid-surface node defined relative t o  a 
rectangular reference frame, fox example, are specif ied by a l i s t  
of x,y,z and Az components. The Az component es tab l i shes  t w o  
poir , ts  located a t  (z+ Az) and (z- Az) along a l i n e  p a r a l l e l  t o  
the input  z-axis. Thus, three points  on a s t r a i g h t  l i n e  are 
iden t i f i ed  by a mid-surface node wherein the middle point  l ies  on 
t h e  t*mid-surface" of t h e  f i n i t e  element, This concept allows for 
convenient de f in i t i on  of spar  , r ib ,  and s t r i n g e r  f i n i t e  element 
depths, The input  cooruinates associated w i t h  t h e  d i f f e ren t  
types of frames are shown i n  f i s u r e  5-5. 
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Z 

Def ine a1 1 nodes; Ana lys is  frame f o r  
GLOBAL nodes 2,3,4 and 5; Def ine d i r e c t i o n s  

of loads P I  and P3. 
II I 

Def ine d i  r e c t  ion o f  load P2 

F igure  5-4. Example Use o f  Local  Reference Frames 
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GLOBAL 
Frame 

Figure 5-5. Nodal Reference Frame Coordinates 
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Each node i s  iden t i f i ed  by a d i f f e r e n t  in teqer  number. Node 
nuxnbers and coordinates can be input  e x p l i c i t l y ,  generated f rom 
sequence of equally-spaced or variably-spaced nodes, or they  can 
be based on t h e  ex te r io r  geometry of a component of t he  model. 
Each of these options,  as  described below; can k used t o  create 
a NODAL data  set .  

Expl ic i t  de f in i t i on  of node number 2 4 ,  for example, i s  input 
by a data  record w i t h  t r i e  following form: 

2 4  6.0 35.0 2.0 / 

Generation of t h e  string of nodes 24,26,28,30,32,34, spaced 
according t o  t h e  proportionate d is tances  1.0,0.5,0.5,.25,.25 
between t h e  pairs of nodes, can be designated by the  following 
da ta  record. 

24 6.0 35.0 2.0 TO 3 4  8.0 49-0 3.2 
BY 2 OF 1.0 0.5 0.5 .25 -25 / 

Coordinates of the generated noaes are obtained by l iqear  
interpolat ion of the specif ied coordinates f o r  nodes 24 and 34. 

Additional examples of nodal data records are shown i n  f i gu re  
5 - 6 .  Ixl t h i s  case, a g r i d  of 16 nodes is defined by four data  
recoras. Note t h a t  previously-def ined nodes can be referenced 
without t h e i r  coordinates i n  node generation records (e.9 ., 1 arAd 
13 i n  the  t h i r d  record of f i g .  5 - 6 ) .  

O the r  kTLkS c a p a b i l i t i e s  a l l o w  the three-dimensional surface 
geometry of one or  more components of a s t r u c t u r a l  model t o  be 
defined (controlled) by one o r  both of t h e  following: 

a )  ATLAS GEOMETRY da ta  sets 

b) Geometry da ta  prepared f o r  t h e  NASA-LRCSEOM 
(NASA/Langley aero+dynaaic configuration) programs 

Automated in te r faces  allow NASA-LKCGEOM data t o  be used i n  
def ining t h e  geometry of ATIAS s t r u c t u r a l  m o d e l s .  I n  both cases,  
surfaces are generated from a minimal amount of user-supplied 
data by numerical curve-f i t t ing techniques and by enrichment of 
the geometry input  data, 
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a. 

6. 

4. 

2. 

e -- Defined node 

0-- Generated node 

1 2 .  1. 0. TO 4 8. 1. 0. / 
1 3  6 .  8 .  0. TO 16  9 .  8 .  0. / 
1 T O  13 BY 4 O F  1. 3 .  3 .  / 
* + 3  1 0 1 **  / VARIABLY-SPACED 
5 0  10. 2.  0. / EXFLICIT  
6 0  10. 5. 0. / FXPLJCIT 

x 

EdUALLY- SPAC ZD 
EQUALLY-SPACED 
VX?IAELY-SPACED 

Figure 5-6. Example Nodal Data 
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An ATLAS geometry component i s  defined by user-selected 
longi tudinal  and cross-section cont ro l  curves t h a t  e s t ab l i sh  i t s  
surface.  Typical geometry coqonents  a r e  shown i n  fiqure 5-7. 
The geometry da t a  are defined r e l a t i v e  t o  a local rectanqular  

r d e r e n c e  f S a m e  e s t ab l i sh  the  o r i en ta t ion  of a component relativc- 
t o  t h e  t o t a l  model. Coordinates for surface nodes and mid- 
surface nodes can be extracted from t h e  geometry component da ta  
i n  the following ways: 

* reference frame. T h e  o r i g i n  and orientatkon of the  input 

a) Definit ion of nodes by d i r e c t  input  of only 2 
coordinates per  node 

b) 3e f in i t i on  of nodes located by t h e  longi tudinal  control 
curves af a component 

c)  Generation of a sequence of equally-spaced nodes located 
r e l a t i v e  t o  t h e  pre-defined surface qeometries 

d) Generation of a sequence ot variably-spaced nodes 
located r e l a t i v e  t o  the  pre-def ined surf ace geometries 

Cuttinq planes posit ioned by the user t o  ex t r ac t  coordinates for 
nodes i n  t h e  planes need not  be restricted t o  t h e  locat ions used 
i n  def ininq the cross-section control  curves, 

5.2.3 Boundary Conditions ( U s e r ' s  Manual; secs - 106 and 206)  

A s  shown previously i n  f igu re  5-3, t h e  kinematics (response) 
u t  each node are described by s i x  deqrees of freedom; three 
t rdns la t ions  and three ro ta t ions  measured r e l a t i v e  t o  the 
selected node analysis reference frame. The s i x  degrees of 
ireedom of a mid-surface node dre defined a t  i t s  mid-surface 
point ,  Motions of t h e  t w o  points  located by a*mid-surface node 
"deltatg coordinate are defined by r i g i d  trdnsformations of t h e  
mid-surf ace p o i n t  kinematics. Overall s t ruc tu ra l  response is 
aescribed by t h e  aggregate nodal Kinematics. 

Boundary condition (BC) input  data  allow one of the following 
a c t i v i t i e s  t o  be imposed on each nodal degree of freedom: 

a )  I_ FREE -- Unconstrained freedoms that are reduced from the 
gross  (overal l )  matrices durinq generation of reduced 
matrices 

, 
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Longi tud ina l  
C o n t r o l  Curves 

Cross-Sect ion 
Cont ro l  Curve 

(Ty p i c a l  ) 

Long i tud i n a l  Ax i s 

Cross-Sect ion Cont ro l  Curve 
( T y p i c a l )  

tud i n a l  
1 Curves 

F igure  5-7. Typ ica l  Geometry Components 
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RETAIN -- Unconstrained freedoms that are r e t a i n  
the reduced matrices generated during s o m e  so lu t ion  
processes. Those freedoms t o  be used e x p l i c i t l y  h the  
equations for a vibrat ion analysis  OP a buckling 
analysis  must be retained. Ordering of t h e  re ta ined  
freedoms i n  a par t i cu la r  sequence, a BC data option, 
allows f o r  convenient use  and in t e rp re t a t ion  of t h e  
calculated mode shapes, For a substructured analysis ,  a 
freedom of one substructure  t h a t  i n t e r a c t s  ( joins  
s t r u c t u r a l l y  and kinematically) With a corresponding 
freedom i n  another subs t ruc ture  must be retained.  

SUPPORT -- Freedoms f o r  which displacements are 
specif ied.  A supported freedom is e i t h e r  r i g i d l y  f ixed 
(not allowed any displacement), or it is displaced as 
specif ied.  Nonzero support displacements can be input  
p a r t i a l l y  o r  wholly either wi th in  t h e  BC da t a  s e t  or  
within t h e  LOADS data set, For a stress analysis ,  a 
s u f f i c i e n t  number of freedams amst be supported t o  
s a t i s f y  overa l l  equilibrium and in t e rna l  equilibrium of 
the s t ruc tu re ,  A react ion force  is calculated f o r  each 
supported freedom 

The last a c t i v i t y  specif ied f o r  a p a r t i c u l a r  freedom governs, It 
is sometimes convenient, f o r  example, t o  RETAIN or SZlPPORT a 
large group of nodal freedoms using a data-generation capabi l i ty ,  
and then FREE selected freedoms within the group, I f  no a c t i v i t y  
is specif ied for a freedom, it is assumed t o  be a FREE freedom. 
All inac t ive  freedoms (those w i t h  zero s t i f f n e s s )  are 
automatically ignored during the so lu t ion  process, 

The governing system of s t i f f n e s s  equilibrium equations can 
be wr i t t en  as follows: 

L1 
L2 + 
L3 

- - 

w h e r e  the kinematic freedom types are i d e n t i f i e d  as 

FREE 
RETAIN 
SUPPORT 

- - 
- - 1 

2 
3 - I 

The grass  matrices i n  t h e  foregoing equation age par t i t ioned  as 
C o l l o w s :  

Kij = St i f fnes s  matrices generated €ran the f i n i t e  
elements used t o  model the e l a s t i c  s t r u c t u r a l  
C h d r a C t e K i S t i C S  
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Di = Displacement matrices, Matrices D1 and D2 a r e  
calculated, whereas matrix D3 is created from h e  
user-specif ied SUPPORT displacements. 

Li = Thermal and mechanically-applied load matrices 
created from t h e  LOADS input  data  

R - - Reaction force  matrix ca lcu la ted  for t h e  supported 
freedoms 

Each column of the D i ,  Li and Ti matrices corresponds t o  a 
particular loadcase. 

A maximum of 10 d i f f e r e n t  groups of boundary conditions can 
be specified f o r  a s t r u c t u r a l  model. 
d i f f e ren t  STAGE number t o  i d e n t i f y  d i f f e r e n t  arrangements of the  
freedoms wi th in  t h e  FREE, RETAIN and SUPPORT matrix pa r t i t i ons .  

Each group is assigned a 

Z l i i s t i c  s t r u c t u r a l  supports can be ideal ized using t h e  ATLAS 
SCALAR spring elements (see sec, 5.2.4). T h i s  element constrains  
t h e  motion of a node r e l a t i v e  to ground. The structuraf  
equilibrium requirements f o r  a stress analysis ,  f o r  example, can 
be s a t i s f i e d  p a r t i a l l y  or wholly by use of SCALAR elements and 
supported freedoms. 

symmetry, the s i z e  of the  resu l t ing  data  matrices can be reduced 
s igni f icant ly .  Only half  of the s t ruc tu re  need be ideal ized and 
analyzed i f  there is one plane of symmetry, one four th  f o r  two 
planes, and one eighth i f  three planes of symaaetry a re  
considered- Using t h i s  procedure require9 symmetric and 
antisymmetric displacement configurations t o  be i d e n t i f i e d  
r e l a t i v e  t o  each plane of symmetry. By supporting ( r ig id ly  
f ixing)  appropriate freedoms i n  the planes of sylmetry, symmetric 
and antisymmetric sets of displacement conf igurat ions are  
impss ed. 

When s t ruc tu re  and i ts  loadina have one o r  more planes of 

For  syrrunetric displacements, any movement of a point on one 
side of the  plane of symmetry is accompanied by a corresponding 
mirror-image movement of the ref lected point as shown i n  f igu re  
5-8, Symmetric motion of a l l  such points  r e l a t i v e  t o  the plane 
or symmetry is enforced by prohibi t ing the points  i n  the  plane 
from t r ans l a t ing  out  of the plane o r  ro t a t ing  about any a x i s  
lying i n  the plane. Therefore, antisymmetric displacements are 
constrained by using a data  record of the  following form: 

SUPPORT ASYM IN SURFACE 2 / 
*/ THE 1-3 PLANE IS A PLANE O F  DISPLACEMENT SYMMETRY. THAT IS, 
*/ SYMMETRIC XOTION RELATIVE TO THE 1-3 PLANE IS  ALLOWED / 
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Figure 5-8. Symmetric and Ant 

a) Symmetric b)  Anti symmetric 

symmet r c Displacements 
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For antisymmetric behavior, t he  necessary supports i n  t h e  
plane of symmetry are j u s t  the counterpar t  of those  used f o r  
symmetric motion, Thus, t r ans l a t ion  wi th in  the  plane and 
ro ta t ion  about an ax is  normal t o  the plane must be prohibited.  
The corresponding data  record has the  following f o r m :  

SUPPORT SYMM IN SURFACE 2 / 
*/ THE 1-3 PLANE IS A PLANE OF DISPLACEMENT ANTISYMMETRY~ THUS, 
*/ ANTISYMMETRIC MOTION RELATIVE To THE 1-3 PLANE IS ALLOWED / 

Symwetric and antisymmetric cons t ra in ts  are appl icable  t o  the 
s t a t i c  and dynamic l i n e a r  analysis  of a l l  s t ruc tures  w i t h  
syxmetry characteristics, If a s t r u c t u r e  with one plane of 
synmtetry is subjected t o  an unsynunetric load, a complete ana lys i s  
is perforaed by decomposing the load i n t o  its symmetric and 
antisymmetric componentsc Half of t h e  s t ruc tu re  is analyzed w i t h  
t h e  two sets of boundary conditions and corresponding load 
components. The displacement response for the to t a l  m a d e l  is  
then obtained by taking t h e  sum of t h e  displacements r e su l t i ng  
trom the  two analyses,  I 

S t ructures  t h a t  a r e  a x i s y m e t r i c  (bodies of revolution) o r  
have cyc l ica l  symmetry cha rac t e r i s t i c s  can also be analyzed by 
using the foregoing procedure. I n  these cases, t h e  surfaces  of 
symmetry are defined by using cy l ind r i ca l  or spherical  node- 
analysis  reference frames. 

Genera l ly ,  t h e  ac tua l  support conditions f o r  a s t ruc ture  
proviae s u f f i c i e n t  kinematic cons t ra in ts  so tha t  r i g i d  body 
motions are not  allowed. If this is no t  the case when a stress 
analysis  is  t o  be performed, a s u f f i c i e n t  number of supported 
freedoms must be selected t o  s a t i s f y  o v e r a l l  equilibrium, 
Additionally, any mechanisms in t e rna l  t o  the s t r u c t u r a l  m o d e l  
(r ig id  body motion of ce r t a in  parts of the s t rumure)  a r e  not  
allowed for a s t a t i c a l l y  loaded m o d e l .  Mechanisms are eliminated 
either by usinq addi t ional  elements t o  provide addi t ional  node 
connectivity o r  by supporting addi t ional  nodal displacements. 
Any nwlber of r i g i d  body modes can be inherent  t o  the s t r u c t u r a l  
model when vibrat ion analyses are performed. 

A displacement/stress analysis  of a physically unsupported 
s t ruc ture  subjected to a self-equi l ibrated system of loads is  
performed by se l ec t ing  an a r t i f i c i a l  se t  of s t a t i c a l l y  
determinate freedoms t o  be supported for the analysis.  Provided 
the applied loads a r e  accurately balanced, t he  react ion forces  
coxrespondinq t o  the  supported freedoms should be zero, 

Nonzero support displacements are used typ ica l ly  t o  represent  
settlement of the  physical s t ruc tu ra l  supports or t o  impose 
displacement boundary conditions when performing a detailed 
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stress ana lys is  of a port ion of the t o t a l  s t r u c t u r a l  model. The 
la t te r  s i t u a t i o n  occurs when t h e  stress d i s t r i b u t i o n s  in c e r t a i n  
regions of a complex structure do not provide s a t i s f a c t o r y  
accuracy. I n  t h i s  case, a re f ined  element g r i d  i s  defined f o r  
the local area of concern, spec i f ied  displacements are applied a t  
the boundary of the  local region, and a separate  analysis is 
performed, The spec i f ied  displacements are those determined from 
a previous ana lys i s  of the to t a l  structure, 

5.2.4 -- S t i f f n e s s  F i n i t e  Elements ( U s e r * s  &%nual; sees. 152, 252 
and appendix B) 

S t ruc tura l  c h a r a c t e r i s t i c s  are ideal ized by s t i f f n e s s  
( s t ruc tu ra l )  f i n i t e  elements that  are interconnected a t  t h e  
nodes. A maximum of 3 2  767 s t i f f n e s s  elements can be used t o  
define a t o t a l  model (a SZT) or a substructure component (see 
sec, 5-53) by ZI STIFFNESS data set. 

Sach element-definition data record contains  t h e  following 
sequence of information: 

a )  zl type -- Elexent type name or i d e n t i f i e r  (e-g., ROD, 
BEiUPl, or PLATE) 

b) Xcoae -- Reference code fo r  t h e  material property tab le  

c) Tcode -- Reference code fo r  element temperature t o  be 

( e . q . ,  M5, M52) 

used when ex t rac t ing  material property values  (e .g . , 
'11100, T+80, T-20) 

d) Userid -- U s e r  selected element number preceded by the 
letter N (e.q-, N12, N530, N32500) 8 

e)  Nodes -- List of node numbers that define the element 

f )  P l i s t  -- E i t h e r  a property reference code (e.g., P2, 
P43, P90), OK a l ist  of element cross-sectional property 
values (e-g., 0.5 f o r  a half-inch t h i c k  plate element) 

I f  Mcoue, Tcode, o r  Userid are n o t  input ,  appropriate de fau l t  
values a re  used automatically. For example, i f  a number is not 
assigned co an element, it is automatically labeled by i ts  input  
sequence number. The remaining data,  (El type ,  Nodes and P l i s t )  
are reGmired. Definit ion of an a x i a l  ROD element w i t h  a constant  
cross-sectional area or 0.75 #at connects nodes 72 and 8 can be 
input  by t h e  following data record: 

ROD 12 8 0-75 / 
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Use of reference codes helps t o  minimize the amount of 
required input  data. Material tables, as  defined by a ,MATERIAL 
data set ( U s e r * s  Manual; sec. 140) include the density,  e las t ic  
constants, and allowable stresses, I so t ropic ,  or thotropic ,  and 
composite material property tables are i den t i f i ed  by reference 
codes, A number of standard (commonly used] i so t rop ic  material 
table codes are provided for direct referencing. 

Reference codes f o r  d i f f e r e n t  lists ot element cross- 
sec t iona l  property values are defined as  part of t h e  STIFF'NESS 
data s e t .  This f ea tu re  is par t i cu la r ly  usefu l  when t h e  same list 
of propert ies  (as many a s  13 values) applies t o  many of t h e  
f i r d t e  elements. 

Options a r e  provided for generating sequences of e lenents  
p o v i d e d  they a r e  of t h e  same type,  have the sa,* temperature, 
and t h e  same material and sec t ion  property values. 
elements t h a t  connect a l l  the  nodes shown i n  f igure  5-4, for 
exanlple, can be created by the following data records ( a cross- 
sec t iona l  area of 1.0 i s  assumed). I 

A grid of ROD 

Rug 1 2 1.0 TO 3 4 / 
* + 3  0 4 4 0 ,  0 4 4 / 
R N 3  8 50 1.0 / 
ROD 12 60 1 - 0  / 

The d i f f e r e n t  types of s t i f f n e s s  elements provided by ATLAS 
for s t r u c t u r a l  modeling can be grouped according t o  t h e i r  
aeoxrletry e 

a)  Scalar Element 
b) Rod and Seam Elements (One-Dimensional) 
c)  Plate Elements (Two-Dimensional) 
d )  Sol id  Elements (Three-Dimensional) 
e )  Buil t -up Elements (Combinations of t h e  One- and Two- 

Dimensional Elements] 

The geoxetry dnd the  number of nodes used t o  define each 
eleirient type are surnmarizea i n  table 5-2, whereas table 5-3 
sumnarizes t h e  following eleqent  characteristics: 

a) propert ies  -- !%aterial and geometric 

b) Stiffness -- Load-carrying s t i f f n e s s e s  r e l a t i v e  t o  the 
element reference frame plus geometric ( d i f f e r e n t i a l )  
s t i f f n e s s  capab i l i t y  

= I  _I_ Loads -- Types of loading appl icable  t o  t h e  element 

d) - Mass -- Type of elernental m a s s  d i s t r i b u t i o n  
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Table 5-2. The ATLAS Stiffness Elements 

' late 

f l E M E N T  - 
TYPE X M E  1 

t a l a r  - 1  
SCALIA 

ud/Bcarn ROD 

BEAM 

- 
SUO0 

PLATE 

CPLATE 
(Membrana) 

SPLIT€ 

(Yenbrans 
and/or 

banding) 

BU I I 1-UP 

0 Auxiliary nodes denoted by (N) are optionally 
used for  orientation of the element or its 
material axes. 

@ Rigid element components (offsets and rigid 

.Ir connections1 are illustrated by 

- 
N T  

NAME 

SPLITE 
(Shear 

only) 

BRICK 

SPAR 

COVER 
an5 

CCOVER 

GEOMETRIC SHAPE 

0 

O I  I 
0 
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Table 5-3. Characteristics of the ATLAS Stiffness Elements 
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The characteristics and appl ica t ion  of each element type, and 
the spec i f i c  elements available within each group are described 
i n  the following sect ions,  D e t a i l e d  descr ipt ions of the ATLAS 
s t i f f n e s s  elements, including the element reference frames, 
sec t ion  propert ies  and materials, element loading capabilities, 
and element stress def in i t i ons ,  are presented i n  appendix B of 
the  U s e r  *s Manual, 

5 -2.4 1 SCALAR Element 

U s e  of t h i s  element allows one t o  s i x  =elastic supportm 
s t i f f n e s s e s  (3 t r a n s l a t i o n a l  and 3 ro ta t iona l )  to be specif ied 
for  a node. The element connects the selected node to  ground by 
the specif ied "spring" stif fnesses  that  act i n  d i rec t ions  which 
are established by an or ien ta t ion  node. 
forces and mxnents ac t ing  on the element from ground are 
displayed i n  t he  stress output. 

The re su l t i ng  nodal 

5,2,4 -2 Rod and Beam Elements (One-Dimensional) 

A one-dhnensional element is  assumed t o  be slender enough so 
t h a t  its behavior i s  described i n  terms of propert ies  associated 
w i t h  a s ing le  s t ra ight  l i n e  represent ing its elastic axis. One- 
dimensional elements a r e  used t o  model beams, columns, frame 
members, truss members ,  t a u t  cables, to r s ion  bars, s t i f f e n e r s  and 
f langes i n  semimonocoque s t ruc tures ,  elements of r ings and 
arches, etc, Curved m e m b e r s  can be modeled by using an adequate 
nuxrber of s t r a i g h t  elements, 

T h i s  element provides axial s t i f f n e s s  only. Derivation of 
t h e  s t i f f n e s s  i s  based on the assumptions of constant a x i a l  load 
and a uniform cross-sect ional  stress dis t r ibut ion. .  
var ia t ion  between i ts  two end nodes i s  allowed, Stress output 
consists of t h e  a x i a l  force and a x i a l  stress a t  t h e  end nodes. 

A l i n e a r  area 

This element resists a x i a l  extension, tors ion,  shear, and 
bending about each of two pr inc ipa l  axes 
form, Various combinations of zero and nonzero values of t h e  
cross sect ion propert ies ,  which can vary l i nea r ly  between its two 
end nodes, can be used- It  i s  assumed tha t  the shear center  axis 
and the  e l a s t i c  axis coincide. An or ien ta t ion  node can be used 
for es tab l i sh ing  the  d i rec t ions  of the p r h c i p a l  bending axes. 
The e l a s t i c  axis may be o f k s e t  from one or both of t h e  s t r u c t u r a l  
nodes, The end of an offset  BEAM is  treated as i f  it were 
connected t o  t h e  s t r u c t u r a l  node by a r i g i d  extension. This  
capabi l i ty  is  useful i n  modeling s t i f f e n e d  plates and shells or 

i t s  m o s t  general  
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similar s t ruc tures  where frames and s t i f f e n i n g  m e m b e r s  have their 
neu t r a l  axes offset from a convenient reference surface,  such as 
the  skin surface in a semimonocoque fuselage Structure ,  Hinges, 
sockets, and slides (slots) can be defined r e l a t i v e  t o  t h e  
element referecnce frame a t  the beam end nodes as i l l u s t r a t e d  i n  
figure 5-9.  

A common mistake t h a t  should be avoided is specifying too 
many releases of member forces i n  t r y i n g  t o  model hinges, 
rollers, etc, Torsion about the longi tudinal  axis of a BEAM 
should never be released a t  both ends of the member, Improper 
specif icat ion of end-force releases can lead t o  erroneous r e s u l t s  
caused primari ly  by elemental o r  model i n s t a b i l i t i e s -  Figure 5- 
10 illustrates t h e  use of end-force releases, element 
or ientat ion,  and data record formats f o r  a BEAM element m o d e l ,  

The lateral  displacement function used in the s t i f f n e s s  
matrix derivat ion is a cubic polynomial. This corresponds t o  a 
l i n e a r  va r i a t ion  i n  bending moment and a constant shear which 
coincides w i t h  t he  exact  solut ion for f lexure of beams loaded a t  
the end points  (engineering beam theory).  
deformation on t h e  t ransverse displacement can be included by 
specifying a nonzero value for the effective shear area, It is 
assumed that  the  shear is constant  through the  depth of t h e  beam, 
For a t y p i c a l  I -sect ion,  the w e b  carries es sen t i a l ly  a l l  of the 
shear load w i t h  a constant va lue  of shear stress, For sec t ions  
where the shear stress varies s ign i f i can t ly  through the depth, an 
9seffective*8 shear area should be calculated by equating t h e  
s t r a i n  energy of the "effective web" i n  a constant  state of shear 
stress to the s t r a i n  energy i n  the ac tua l  sect ion w i t h  i t s  t r u e  
shear d i s t r ibu t ion  f o r  an arbitrary shear  load. For a 
rectangular sect ion,  t h i s  r e s u l t s  in an effective w e b  area equal 
t o  0.833 times the rectangular  cross-section area. Caution 
should be taken t o  avoid inaccuracies when modeling shear areas 
f o r  deep beams (which have a nonlinear d i s t r i b u d o n  of a x i a l  
stress) and f o r  thin-walled open sect ion members, 

The effect of I shear 

Torsional s t i f f n e s s  is treated according to  St, Venantgs 
theory (no warping) which assumes a constant  to rs iona l  moment. 
The torsion constant,  J,  i s  the polar  moment of i n e r t i a  for so l id  
shafts of c i r c u l a r  cross section or f o r  hollow shafts of annular 
cross section. For any other cross sectional shape, J is  less 
thdn the polar moment of i n e r t i a  of the  sect ion,  

Stresses calculated for BEAM elements include the a x i a l  
force, t ransverse shear forces, torque, and bending moments a t  
the  end nodes. 
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B) Ball and Socket 

C )  Slot 

Figure 5-9. Typical End-Force Releases for BEAM Elements 
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i""" 
P2 

Z @ 5 Node Number 

= Element Number 

= Reference Frame t 
GLOBAL 
Reference 
Frame 

NOTES : 
1. 
2. 
3. 

4. 

5. 

6 .  

(a )  BEAM Element Model 

BEAM N3 4 8 p l  p2 p3 
BEAM N5 4 12 p l  p2 p3 100000. 
BEAM N2 1 2  8 4 pl p2 p3 100. 
BEAM N6 8 9 p l  p2 p3 100100. 

(b )  Example Data Records 

Integer element numbers are  assigned by the "Ni" data items 
Section properties are  i n p u t  by the " p i "  data items 
The code 100000. denotes that  the end moment M, i s  t o  be released 
relat ive t o  the element reference frame a t  the second node used 
t o  define the element. That i s ,  node 12 fo r  element 5. 
Node 4 i s  used t o  or ient  the x-y plane fo r  element 2. An orientation 
node must be i n p u t  for a l l  BEAM elements t ha t  are  parallel  t o  the 
GLOBAL Z-axis . 
The code 100. denotes tha t  the end moment Mz a t  node 12 i s  to 
be released for  element number 2. 
The code 100100. denotes tha t  the end moments M, a t  nodes 8 and 9 
a re  t o  be released f o r  element number 6. 

( c )  Comnents on the Data Records 

ia X 

Figure 5-10. Example Data Records Used to  Define BEAM Elements 
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T h i s  element provides axial s t i f f n e s s  only, with the 
capabi l i ty  of t r ans fe r r ing  shear forces at an intermediate  node 
t o  another compatible element (an eight-node SPLATE or another 
SROD) Derivation of the s t i f f n e s s  i s  based on t h e  assumptions 
of a l i n e a r l y  varying axial load, uniform cross-sectional stress 
d i s t r ibu t ion ,  and the  aforementioned shear t ransfer .  R l i n e a r  
area var ia t ion  between its two end nodes is allowed, Stress 
output cons i s t s  of the shear flow along the elenrent plus the 
a x i a l  forces and stresses a t  the end nodes, 

5 2 -4 e 3 Plate Elements (Two-Dimensional) 

Two-dimensional elements are used t o  model %urfacesEe as 
opposed to  mlineaR s t r u c t u r e s  as discussed i n  sec t ion  5=2.4,2.. 
Although the ATLAS p l a t e  elements a re  planar,, t h e y  are o f t en  used 
for analyzing t h i n  shells by d e l i n g  the curved s t r u c t u r e  w i t h  a 
polyhedral surf  ace .. Membrane (in-plane shear and extension) , 
bending (out-of -plane) , and shear elastic behavior of lor thotropic  
and composite materials can be invest igated,  
of the stiffness matrices for the  family of ATLAS t r i angu la r  and 
quadr i la te ra l  p l a t e  elements,, it is assumed that  t h e r e  is no 
coupling between t h e  membrane and bending behavior, 

In the  der ivat ion 

Generally, when p l a t e  elements are used to model a curved 
surface without s t i f f e n i n g  members, as f o r  a she l l ,  both bending 
and membrane s t i f f n e s s e s  are used. To analyze a she l l  problem i n  
which the response is primari ly  a funct ion of membrane behavior 
alone, p l a t e  elements w i t h  only membrane s t i f f n e s s  are genera l ly  
used. I n  this case, however, care m u s t  be taken t o  ensure 
t ransverse kinematic s t a b i l i t y  of t he  polyhedral assemblage by 
supporting (f ixing)  appropriate  transverse-displacement degrees 
of freedom, 

When using plate elements to represent  bending behavior i n  a 
wing or box beam type of s t ruc ture ,  the  bending of the s k i n  or 
cover p l a t e  about its own neut ra l  ax is  is usual ly  in s ign i f i can t  
when compared with the ove ra l l  bending s t i f f n e s s  of the sec t ion ,  
I n  t h i s  casec membrane plate elements should be used since 
element bending stif €nesses would only complicate t h e  problem 
unnecessarily, w i t h  the introduct ion of a d d ~ t i o ~ ~  degrees of 
freedom. Typically, the surface elements are at tached t o  ribs or 
spars i n  the t ransverse d i rec t ion ,  and thereby are rendered 
kinematically stable, The la teral  freedom of those nodes on the 
surfacel  however, that are n o t  attached to  elements with 
transverse s t i f f n e s s  should be supported (held f ixed)  by input of 
corresponding boundary condition data - Supporting these freedoms 
will render t h e  model kinematically stable and w i l l  not, 
otherwise, affect the qua l i ty  of the r e s u l t s ,  
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Except for the  SPLATE element, the membrane surface (and 
neu t r a l  surface i n  bending) may be o f f s e t  from one or  more of the 
structural nodes used to define the  ATLAS p l a t e  elements, An 
offset p l a t e  corner is treated as i f  it w e r e  connected t o  the 
s t r u c t u r a l  node by a r i g i d  extension. This capabi l i ty  is usefu l  
i n  modeling s t r u c t u r a l  p l a t e s  where t h e  neutral  surface i s  o f f s e t  
from a convenient reference surface.  

I n  the derivat ion of s t i f f n e s s  matrices for quadr i l a t e ra l  
p l a t e s ,  it is general ly  assumed that  the four corner nodes are 
coplanar. Since this is n o t  generally true when t h e  elements are 
placed on a curved surface,  the  corners are projected onto a mean 
plane that is defined by the  vector cross-product of the 
diagonals, p r i o r  t o  calculat ion of the element s t i f f n e s s  matrix 
(see f ig .  5-1q). When the corners are not  coplanar, ove ra l l  
ecpilihrium of t h e  warped element is satisfied by automatic 
calculat ion of t ransverse "kick" equilibrium forces. Stresses 
a r e  calculated f o r  t h e  ffequivalent** p l a t e ,  defined a s  the 
o r ig ina l  element projected onto the mean plane, 
shown that a reasonable amount of warping can be tolerated 
without adversely a f fec t ing  t h e  r e su l t s .  
occurs, an appropriate warning message is issued, 

Experience has 

When excessive warping 

This is  a t r i angu la r  or quadr i l a t e ra l  p l a t e  tha t  resists 
membrane s t i f f n e s s  only, The element can have i so t ropic  or 
or thotropic  mater ia l ,  uniaxial  smeared s t i f fen ing ,  and it can 
have o f f se t s -  A l i n e a r  displacement f ie ld  is assumed the 
s t i f f n e s s  der ivat ion for t he  basic t r iangular  element. This 
corresponds t o  a constant s t r e s s / s t r a in  fie1 over the t r i angu la r  
region, Four component t r i ang le s  joined a t  camon i n t e r n a l  
ver tex a r e  used i n  the s t i f f n e s s  generation for a quadr i l a t e ra l  
plate .  The s t i f f n e s s  e f f e c t s  a t  the common point  are reduced 
autoinatically so that the behavior of a quadr i la te ra l  plate is 
defined completely i n  terms of the  corner nodes When t h i s  type 
of element is used i n  areas of large stress gra 
s u f f i c i e n t  number of elements should be used so t h a t  the ove ra l l  
varying stress f i e l d  i s  represented accurately enough by the 
constant s t r e s s / s t r a in  t r iangular  regions-  

The or thotropic  smeared s t i f f e n i n g  capabi l i ty  is convenient 
f o r  modeling geometric orthotropy resu l t ing  f rom waffle 
construction, i n t e g r a l  s t i f f en ing ,  corrug 
construction, etc. Different  effective t input for 
st retching i n  each of two direct ions.  

Stresses calculated f o r  PLATE elements inc lude  the average 
values of the  normal stresses and t he  shear stress, i n  addi t ion  
t o  the axial stresses i n  the s t i f f e n e r s .  
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1,233~4 = Specified element corner nodes; element diagonals 

1 ' 5 2 '  ,3'  ,4' = Projected element corner nodes 
a re  defined by 1-3 and 2-4 

I x-y-z = Element reference frame fo r  the>equivalent plate;  
the mean plane is x-y. 

Asnon-dimensional warping factor is  calculated as d/(A) 1/2 
where 

d = Distance between the 1-3 and 2-4 diagonals 

plate 

Figure 5-11. A Warped (Distorted) Quadrilateral Plate 
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CPLATE 

T h i s  is a t r i angu la r  or quadr i l a t e ra l  laminated p la t e  that 
resists membrane loading only. The element can be comprised of 
up t o  t en  or thotropic  lamhas, and it can have o f f s e t s ,  Each 
lamina is comprised of a number of layers  of composite material 
or iented according t o  its f i b e r  direct ion.  

Derivation of the membrane s t i f f n e s s  f o r  the basic  t r i angu la r  
element i s  based on a constant s t r e s s / s t r a i n  f i e l d  as described 
previously for the PLATE element, 
element s t i f f n e s s  is derived i n  the  same m a n n e r  as discussed for 
the  quadr i l a t e ra l  PLATE element, 

The quadrilateral CPLATE 

The standard stress data calculated f o r  CPLATE elements are 
the normal and shearing s t r a i n s  and stresses for t he  t o t a l  
element (multiple laminas). Optionally, the stress and/or s t r a i n  
components i n  each lamina can be calculated and displayed 
r e l a t i v e  t o  t h e  f iber d i rec t ion  of the l d n a .  

GPLATE 

T h i s  is a t r iangular  or quadr i l a t e ra l  p l a t e  w i t h  uncoupled 
membrane and bending s t i f fnes ses  based on the theory published i n  
reference 5 - b .  Different  thicknesses can be specif ied 
independently a t  the nodes for the membrane and bending 
characteristics. The element can have i so t rop ic  o r  or thotropic  
material, and it can have o f f s e t s ,  The s t i f f n e s s  matrix for t h e  
t r iangular  element i s  based on the assumptions of constant 
membrane s t r a i n  and l i n e a r  curvatures for bending. Four 
component t r i ang le s  joined a t  a common internal  ver tex  are used 
i n  the s t i f f n e s s  generation for a quadr i la te ra l  p la te .  A l i n e a r  
membrane strain f i e ld  and linear cunratures for bending a r e  
assumed i n  the s t i f f n e s s  der iva t ion  f o r  these component 
t r iangles .  The s t i f f n e s s  effects at t h e  comm poin t  are reduced 
automatically so that  the behavior of a quadr i la te ra l  p l a t e  is 
defined completely in terms of the corner nodes. 
bending s t i f f n e s s  is provided by this element, 

N o  in-plane 

Stresses calculated €or GPLATE elements include the average 
values of the normal and shearing stresses, i n  addi t ion t o  the 
bending and t w i s t i n g  moments. 

T h i s  element is a constant thickness,  four- OK eight-node 
quadrilateral shear panel that i s  based on Garvey*s theory of 
uniform shear  (ref, 5-2 W i t h  four nodes, shear forces a r e  
lumped a t  the corner nodes. With eight nodes, shear forces  are 
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transferred a t  intermediate nodes on each edge of the p l a t e  to 
another compatible element (an SROD or another SPLATE), 

shear stress are computed, 

5.2 -4.4 Solid Elements (Three-Dimensional) 

Solid (brick) elements are used t o  m o d e l  three-dimensional 
s t r u c t u r a l  components that cannot be idealized adequately by an 
aggregate of "l ine" and/or @surfacet& e l e m e n t s  Typical use of 
solid elements include three-dimensional analysis  of pressure 
vessels ,  thick-shell s t ruc tu res  as encountered i n  pipe j o i n t s ,  
propel lers ,  blade components of engines, and landing gear 
components of aerospace vehicles.  

Shear flows along the element edges, as w e l l  as the maximum 

Bnnx 

A family 
defined by 8 
is an 8-node 
specif ied on 
4 4  nodes are 

of isoparametric s o l i d  elements, each of which is 
corner nodes and 12 edges. The basic BRLCK element 
hexahedron. One t o  three intermediate nodes can be 
any of the 12 edges, Therefore, anywhere from 8 t o  
used t o  define each element. The geometry of an 

edge is described by a l inea r ,  second-order, third-order, or 
fourkh-order polynomial depending on whether 0, 1, 2, OT 3 
intermediate nodes are used, respect ively.  The kinematics of 
each node are defined by three t r a n s l a t i o n a l  degrees of freedom. 
Displacement compatibil i ty is automatically ensured a t  t h e  common 
nodes of adjacent elements- The material can be i so t rop ic  or 
or thotropic  with pr inc ipa l  mater ia l  d i r ec t ions  ident i f ied  by t h e  
user. 

The e l a s t i c i t y  equations of the three-dimensional continuum 
are formulated on the  basis of three t rans la tkonal  displacement 
components a t  each node, The 8-node BRICK, with a l i n e a r  
displacement f i e l d ,  defines a region of constant s t r a in .  As for 
the m e m b r a n e  PLATE element when used i n  two-dimensional areas 
w i t h  large stress gradients ,  a l a rge  number of 8-node BRICK 
elements must be used t o  represent  accurately a varying stress 
f i e l d  i n  three-dimensional regions e Alternat ively,  f e w e r  numbers 
or the higher-order elements (2O-node, 32-node or 44-node) are 
required t o  i d e a l i z e  regions w i t h  varying stress f ie lds ,  stress 
concentration regions,  and in the v i c i n i t y  of concentrated loads. 
Experience has shown t h a t  excel lent  r e s u l t s  can be obtained by 
using 32-node BRXCK elements, which are based on a quadratic 
s t r a i n  f i e l d  approximation, i n  regions of t h i s  type. Another 
advantage of the higher-order elements is  the degree t o  which the 
more complex s t r u c t u r a l  boundaries w i t h  curvatures can be 
ideal ized e 
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Problems observed i n  the use of three-dimensional elements 
are t h e  d i f f i c u l t y  in which the finite-element model is created 
and visual ized,  and the  la rge  amount of data handling required 
f o r  processing. As w i t h  any complex finite-element model, 
judicious use of the postprocessing capab i l i t i e s ,  p a r t i c u l a r l y  
graphical  displays,  alleviates considerably t h e  problem of 
ensuring s t r u c t u r a l  i n t eg r i ty .  Three-dimensional analyses 
typ ica l ly  require  a l a rge  number of nodes to predic t  reasonably 
accurate structural response, 
simultaneous equations which may t a x  t h e  data storage capacity of 
t h e  computer, i f  a substructured model is not  used, As such, the 
approach t o  problem solving should include decis ions as t o  
whether m o r e  complex elements with better accuracy should be used 
ins t ead  of the simpler f i n i t e  elements with t h e i r  l i m i t e d  
accuracy. 

This r e s u l t s  i n  a large number of 

The standard stress data calculated for BRICK elements are 
the values of the three a x i a l  stresses and the three shear 
stresses a t  t h e  centroid of t h e  element, Optionally, the same 
six stress components relative to each node of the element can be 
requested. r 

5 -2.4 -5 Built-up Elements 

Elements i n  th i s  category are comprised of t w o  or more of the  
basic one- and two-dimensional elements with specific assumptions 
a s  t o  how they are  connected and allowed to deform. Since they  
are derived for modeling spec i f i c  s t r u c t u r a l  concepts, their 
general use  is m o r e  restricted than  the  basic one-, two- and 
three-dimensional element types discussed previously, 
up elements a r e  more e f f i c i e n t ,  however, in their intended use. 

The bu i l t -  

The three built-up elements provided by ATLAS are i den t i f i ed  
ds the SPAR, COVER, and CCOVER elements.. Their primary use is 
for ideal iz ing box beam type construct ions and wing-like 
configurations,  SPRR elements are used t o  model the r ibs  and 
spars ,  whereas the COVER and CCOVER elements are used t o  model 
t h e  structural surfaces ,  The geometry of these elements is based 
on the def in i t i on  of a '"mid-surface" t h a t  i s  located such t h a t  
the  @deltaw coordinate t o  the upper surface i n  one d i rec t ion  is 
the same a s  the "delta" coordinate t o  t h e  l o w e r  surface in t h e  
opposite d i rec t ion  a t  a pa r t i cu la r  locat ion on the mid-surface. 
The kinematic response of the s t r u c t u r e  is described i n  terms of 
the selected mid-surf ace points  

SPAR 

This element i s  comprised of a quadrilateral pure-shear web  
of uniform thickness, an upper cap and a l o w e r  cap with a x i a l  
s t i f f n e s s e s  t h a t  can have a l i n e a r  area var ia t ion  between the  
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ends, and two r i g i d  posts a t  either end of the w e b  t h a t  a r e  
paral le l  i n  the undeforxned state. The element resists extension 
and bentiing moment by t h e  caps, and t ransverse  shear by the  w e b .  

I n  t h e  der ivat ion of t h e  element s t i f f n e s s ,  it is assumed 
tha t  a uniform shear f l o w  e x i s t s  between t2he w e b  and the caps, 
Each cap is contposed of t w o  components; a directly-defined f lange 
area plus a f r a c t i o n  of the w e b  area t h a t  i s  t o  be considered 
efttective i n  carrying bending moments, The loca t ions  of the cap 
areas can be o f f s e t  a t  either end within the plane of the  
element. T h i s  capab i l i t y  i s  usefu l  i n  modeling caps-that have 
t h e i r  neut ra l  ax i s  o f r s e t  appreciably from t h e  s t r u c t u r a l  
surrace. 

Stresses  calculated f o r  SPAR elements include an equivdlerit 
shear f l o w  and maximum shear  stress f o r  the  we^, as w e l l  as 
average values of t h e  a x i a l  loads and stresses i n  t h e  caps. 

This element is  comprised of t w o  t r i angu la r  o r  quadr i l a t e ra l  
PLKK elements (see sec, 5.2.4.3) t h a t  are separated by r i g i d  
pos ts  kcween the  corresponding corner nodes, Five degrees of 
treedorr. ( t w o  bending and three t r ans l a t ion )  are provided r e l a t i v e  
t o  the element reference frame a t  each node. E i the r  the upper 
plctte or t h e  lower p l a t e  can be absent from t h i s  element, thereby 
providinq a convenient method f o r  modeling cut-outs in the 
structuriil s u r f  ace, 

Stresses calculated f o r  COVER elements include t h e  average 
values of t h e  normal stresses and shear stresses i n  the upper and 
lower plates, a s  w e l l  as the axia l  stresses i n  the p l a t e  
s t i f f e n e r s  . 
C O V E R  --- 

This element is comprised of two t r i a n g u l a r  or  q u a d r i l a t e r a l  
CPLLTE elements (see sec. 5.2.4.3) t h a t  are separated by r i q i d  
posts between t h e  corresponding corner nodes. Five degrees of 
Preedoin ( t w o  bending and three t r ans l a t iona l )  a re  provided 
r e l a t i v e  t o  the  element reference frane a t  each node. A s  f o r  t he  
W V L K  dement,  either the upper p l a t e  or the lower p l a t e  can be 
absent. 

The standard stress data calculated for CCOVER elements are 
the normctl and shedring s t r a i n s  and stresses for each CPLATE 
( z u l t i p l e  l m i n a s )  . optional ly ,  the stress and/or s t r a i n  
conponcnts i n  each lamina can be calculated and displayed 
reldtive to the fiber d i rec t ion  of the lamina, 
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5.2.5 Fundanental Hodelinq Considerations 

k fundamental r e spons ib i l i t y  of an engineer p e r f o d n g  a 
f i n i t e  element ana lys i s  is t h e  selection of t h e  number, type, and 
arrangement of s t r u c t u r a l  elements needed t o  provide an adequate 
iclealized representat ion of the  real s t ruc tu re .  The s t r u c t u r a l  
model mst be detailed enough to  give accurate  r e s u l t s  bu t  no t  so 
large as t o  become p roh ib i t i ve  i n  t e r m s  of setup t i m e  or 
execution cost .  The pr inc ipa l  f a c t o r s  involved i n  this 
re spons ib i l i t y  are discussed i n  t h e  following subsections. Other 
aspects of modeling such ,as boundary conditions,  mass ' 

d i s t r ibu t ion ,  loads,  and temperature d i s t r i b u t i o n  are discussed 
i n  ather sec t ions  hereir,. 

5.2  - 5 .  I Node Dis t r ibu t ion  

The number and d i s t r i b u t i o n  of nodes required f o r  a proper 
idea l i za t ion  are dictated by t h e  geometry of the s t ruc tu re ,  t h e  
t y p e  of r e s u l t s  desired, the nature  of the expected response, and 
the types of elements used f o r  t h e  model. Generally, g w d  stress 
r e s u l t s  w i l l  r equi re  Inore nodes and elements (a f i n e  g r i d )  than 
a r e  necessary f o r  qood displacement r e s u l t s  ., Conversely, a 
vibrat ion ana lys i s  f o r  t h e  fundamental na tu ra l  frequency requires  
f e w e r  nodes and elements (a coarse q r i d )  than are necessary for  a 
goo6 displacement analysis .  When mult idiscipl ined analyses of a 
structure dre performed, use of t h e  s i n g l e  f iner-gr id  wdel ,  w i t h  
appropriate sets of boundary conditions,  is general ly  more cos t  
e i i e c t i v e  than using d i f f e r e n t  gr ids .  

The nature of t h e  expected response can d i c t a t e  t he  number of 
ncdes ana e l e z n e r r t s  required f o r  accurate  r e su l t s .  A f i n e r  
element g r i d  is necessary, for  example, i n  areas of. l a rge  stress 
yracients  (stress concentrations) than i n  areas where stress 
l e v e l s  dre r e l a t i v e l y  constant,  

The selected types of elements inf luence the node 
d i s t r i b u t i o n  by the na ture  of the admissible displacement states 
assurned i n  t h e  der ivat ions of t h e  element s t i t f n e s s  matrices. A 
pa r t i cu la r  displacement state implies a ce r t a in  s ta te  of s t r a i n ,  
In a plane stress analysis ,  for example, use of l i n e a r  s t r a i n  
elements ( the  (;PLATE; element) rather than  the simpler constant 
strain elements ( the PLATE element) requi res  f e w e r  nodes and 
elements for an equivalent accuracy of calculated stresses, 

5 -2.5.2 Choice of Element Type 

Selection of element types f o r  the model i s  influenced 
primarily by t h e  s t r u c t u r a l  behavior and t h e  gemet ry  
(configuration) of the s t ruc ture .  Factors such as  t h e  type of 
a n d y s i s  ( s t a t i c ,  dynamic) 8 the load environment (concentrated , 
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dis t r ibu ted ,  thermal1 I and the desired results (displacements, 
stresses fl frequencies) are genera l ly  secondary in nature. The 
types of f i n i t e  elements provided by ATLAS are grouped i n  sec t ion  
5.2.4 according t o  t h e i r  geometry, wherein the characteristics of 
each element type are discussed, 

A va r i e ty  of s t r u c t u r a l  modeling capab i l i t y  is provided 
within each category of element types. 
dimensional category (ROD and BEAM elements) @ d i f f e r e n t  degrees 
of complexity can be defined a s  required f o r  the p a r t i c u l a r  
circumstance, Various combinations of zero and nonzero values of 
cross sect ion propert ies ,  off sets, and kinematic cons t ra in ts  for 
a BEAM element provide a l a rge  number of element sub-classes, A 
pure tors ion rod, f o r  example, requires t h a t  only a nonzero value 
is specif ied f o r  t h e  polar moment of i n e r t i a ,  whereas an axial 
m e m b e r  requires  only the  area property t o  be nonzero, A ElEAM 
element w i t h  only the area property being nonzero is i d e n t i c a l  t o  
a ROD element. A two-dimensional f r a m e  analysis  using BEAM 
elements general ly  requires  nonzero va lues  only f o r  the area and 
the out-of-plane bending moment of i n e r t i a ,  A l l  degrees of 
freedom w i t h  zero s t i f f n e s s  are automatically excluded from the 
problem solut ion.  The ana lys t  should always strive t o  use  t h e  
simplest element options that are cons is ten t  with the analys is  
requirements. Otherwise, unnecessary complications, increased 
s i z e  and cos t  of the analysis ,  reduced chances of a successful  
solut ion,  or  a reduced qua l i ty  of the r e s u l t s  are t y p i c a l l y  
encountered. 

For example, i n  the one- 

I n  some cases, a % t i c k  m o d e l m  is used t o  idea l ize  a 
s t ruc ture  by using only BEAM elements. 
appears t o  be very'simple,  considerable expertise is  required t o  
construct  one t h a t  accurately represents  a complex r e a l  
s t ruc ture .  The simplified assumptions general ly  made Lo create a 
stick xmdel can only y ie ld  ove ra l l  structural deformation 
characteristics, iden t i fy  areas where high stresses are l i k e l y  t o  
occur, and reveal general  load pa ths  within various parts of t h e  
structure. 
how t he  s t ruc tu re  r e a c t s  t o  loads and may not  resemble t h e  ac tua l  
s t r u c t u r a l  geometry. Occasionally, non-offset BEAN elements a r e  
usea t o  model Itrigid" l i n k s  i n  a model. In t h i s  case, the 
s t i f f n e s s e s  of the a r t i f i c i a l  m e m b e r s  should be approximately lo* 
t i m e s  larger than  the connecting r e a l - m e m b e r  s t i f fnes ses  so that 
ill conditioning of t h e  s t i f f n e s s  matrix (and an inaccurate 
solut ion)  is avoided. 

A l t h o u q h  a stick model 

A s t i c k  model i s  general ly  used only t o  inves t iga te  

5 I 2.5 -3  Element G r i d  Layout 

One of the first decis ions that the  analyst  must make during 
t h e  s t r u c t u r a l  idea l iza t ion  process is the extent  of d e t a i l  t o  be 
incluued i n  t h e  model. The general  tendency is t o  include 
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d e t a i l s  i n  the model t h a t  
results based on the prob assumpt~ons* e more complex 
models, there  i s  a grea te r  poss ib i l i t y  of errors, and 
may r e s u l t  in prohibiti 
12, however, a complex 
analysis should be conside odeling detail  
should be checked careful1 sFB used for 
modeling, as w e l l  as t t be established 
carefu l ly  to allow f l e x i b i l i t y  in the managem 
problem/solution data during the problem-solv 

ill not  s ign i f  ic a f f e c t  the final 

The arrangement of two-  and three-dimensional elements may 
have considerable influence on the qua l i ty  of resul ts  and t h e i r  
usefulness,  Element stresses in pa r t i cu la r t  which are referenced 
t o  the l o c a l  coordinate system f o r  each element, are affected by 
the arrangement of the  elements. A haphaza and i r r egu la r  g r id  
layout of t en  gives erratic stress results t are d i f f i c u l t  t o  
interpret and are inconvenient t o  use, F e 5-12 i l l u s t r a t e s  
how t h e  calculated element stresses must 
associate  t h e m  with the  r e a l  s t ruc ture ,  splacement data, which 
are referenced t o  the node analysis gram re generally not  as 
errdtic i n  nature as stress data, These c t s  axe a d i r e c t  
result of the displacement f o n  l a t i o n  of the fin e element 
method. 

interpreted t o  

Continuity of the displ 
elements and at the nodes o 
cont inui ty  of the stress f i  
ensured. Interelement stress con 
using finer el 
elements based 
st ress  states se calculated f o r  
p l a t e  elements base ise linear 
displacement) ass 
e lernents w i t h  
approximately one, in area 
r e s u l t s  than those 
than 2). 

When using 
differences i n  the el 
recognized- Us 
BEAM and GPLATE 
modeling to 
between the 
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I n  general ,  a regular '  order ly  arrangement of elements should 
be used. A l o g i c a l  layout  might follow any convenient na tu ra l  
coordinate system (e .g-, rectangular  o r  polar  coordinates) t h a t  
f i t s  the s t r u c t u r a l  geometry. This approach, however, i s  
general ly  r e s t r i c t e d  t o  r e l a t i v e l y  simple geometric 
configurations Wit?? regular  boundaries. One approach is t o  use a 
quadr i la te ra l  g r id  t h a t  approximates the ant ic ipated stress 
t r a j e c t o r i e s  ( l i n e s  everywhere tangent t o  the d i rec t ions  of the 
principal  stresses) The advantages of using t h i s  approach a r e  
as ko l lows :  

a)  The gr id  tends t o  €it the geometry of the s t r u c t u r a l  
boundary- 

b) G r i d  l i n e s  are closer together  w h e r e  stresses a r e  l a rge r  
i n  magnitude, Elements tend t o  be smaller i n  s i z e  i n  
regions of stress concentration where greater accuracy 
is  desired. Smooth t r a n s i t i o n  from a f i n e  gr id  (smaller 
elements) t o  a coarse gr id  ( l a rge r  e l enen t s )  is provided 
automatically. f 

c) The calculated stresses are close to being the  p r inc ipa l  
s t resses .  

d) osc i l l a t ions  of stresses i n  t r i anqu la r  elements f i t t e d  
t o  t h i s  type of grid, p a r t i c u l a r l y  a t  s t ruc tu re  
bounaaries, are minimized, 

Smooth elenent-size t r a n s i t i o n s  t ha t  are c o n s i s t e n t  w i t h  the  
overall  s t r u c t u r a l  requirements should be used so t h a t  smooth 
var ia t ions  of the displacement and stress f ie lds  a r e  provided. 

N o  specific rules o r  formula can be stated f o r  determining 
the degree of grici refinement necessary for a s u f f i c i e n t l y  
accurate iinalysis i n  a given s i tua t ion ,  The analyst  must 
v i sua l ize  the  appropriate  configuration of the displacement o r  
s t r e s s  f i e l d ,  e s t ab l i sh  the g r i d  points  a t  which r e s u l t s  a r e  
desired, and define the element g r id  layout accordingly, 
B a s i c a l l y ,  idea l iza t ion  of a s t r u c t u r a l  problem is  dependent on 
the geometry of the s t ruc ture ,  t h e  loading environment, and t h e  
boundary conditions,  A discont inui ty  i n  any of these w i l l  
usually require  a f i n e r  element mesh, 

I n  t h e  case of complex aerospace vehic le  s t ructures ,  it is  
usual ly  inkpossible t o  def ine a s ingle  element g r id  layout t h a t  
can be used t o  determine stress concentration f ac to r s  and 
de ta i led  loca l  stress d i s t r ibu t ions  with sa t i s f ac to ry  accuracy, 
Generally, d gross  analysis  is performed first with the primary 
object ive being t h e  del ineat ion of primary load paths and the 
associated stresses i n  the  main s t r u c t u r a l  members, The r e s u l t s  
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of t h e  gross analys is ,  combined w i t h  engineering judgement and 
experience i n  s t r u c t u r a l  analysis ,  are then used t o  perform 
separate local analyses of areas where a more re f ined  g r i d  is 
errrployed. 'When i s o l a t i n g  the  region t o  be treated i n  the local 
analysis  usinq a f i n e r  gr id ,  a s u f f i c i e n t l y  la rge  enough area 
rmst be used so t h a t  any i r r e g u l a r i t i e s  i n  the applied boundary 
conditions w i l l  be **damped out," according t o  St. Venant's 
p r inc ip le ,  without d i s turb ing  the  stress f i e l d  i n  t h e  area of 
i n t e r e s t .  

Displacements or nodal loads, as calculated by the  gross  
analysis ,  are used as boundary conditions on t h e  nodes t h a t  
def ine  t h e  junction of the local region with the rest of t h e  
s t ruc ture .  When applying load boundary conditions, it is  usua l ly  
necessary t o  specify some of the displacements 3.n order t o  
prevent r igid body motion, Any unbalance i n  the applied load 
system w i l l  be reacted by forces a t  t h e  supported nodes. 
Therefore, care m u s t  be taken t o  balance the loads precisely,  
Even a r e l a t i v e l y  s m a l l  unbalance can cause ser ious  per turbat ions 
i n  the  displacement and stress f i e l d s  i n  c e r t a i n  s i t ua t ions .  
Because of these concerns, it i s  genera l ly  more convenient t o  use 
displacement boundary conditions when performing t h e  detailed 
local analyses  - 
5.2.6 Solution Accuracy C'hecks 

T h e  structural model input  data are transformed by ATLAS i n t o  
a system of simultaneous equations which represent  a s ta te  of 
s t r u c t u r a l  equilibrium. I n  solving these equations, e r r o r s  i n  
the s t r u c t u r a l  model can be detected. The primary reasons f o r  
e r ro r s  i n  the mathematical model, and the s t r u c t u r a l  model 
qua l i ty  checks provided by ATLAS during the problem so lu t ion  
process are described i n  t h e  following, Other ATLAS so lu t ion  
q u d i t y  checks per ta ining t o  spec i f i c  types o$ analys is  are 
descrimd elsewhere i n  sec t ion  5, 

Unique so lu t ions  to a system of non-homogeneous s iml t aneous  
equations can be generated only i f  t he  equations are l i n e a r l y  
independent. When t w o  or more of t h e  equations are exact ly  
dependent, the coe f f i c i en t  n a t r i x  for the system of equations i s  
singular.  I n  t h i s  case, t h e  mathematical model must be modified 
t o  remove the equation dependency so t h a t  a non t r iv i a l  so lu t ion  
ex i s t s .  Thus, t h e  model-definition data must be corrected. 

More frequently, the  s i t u a t i o n  arises when t w o  or more of the 
equations a re  almost l i n e a r l y  dependent (i l l-conditioned) . A 
unique solution t o  such a system of equations requires  t h e  
ana ly t i ca l  ca lcu la t ions  t o  be perrormed with a high degree of 
accuracy (a large number of s i g n i f i c a n t  d i g i t s  must be used 
during, computation). Any solution t h a t  requi res  more than 13 
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s ign i f i can t  d i g i t s  m u s t  be considered erroneous s i n c e  the 
precis ion of a decimal number s to red  by the  CDC 6600/CYBER 
computer is approximately 14 d i g i t s  of accuracy. Obviously, the 
difference between a system of equations tha t  requi res  I 4  d i g i t s  
of accuracy (a very ifl-conditioned system) and a s ingular  
condition is purely numerical. 

i n  ATLAS, t h e  Cholesky square roo t  method is used t o  solve 
t h e  s t r u c t u r a l  equations of equilibrium, The s t r u c t u r a l  
s t i f f n e s s  characteristics are used t o  def ine  the coe f f i c i en t  
matrix f o r  this system of equations. The first s t e p  i n  t h e  
solut ion process is t o  decompose the coe f f i c i en t  matrix i n t o  t h e  
product of a lower-triangular matrix post-multiplied by i ts  
transpose. In  addi t ion t o  performing the decomposition, the 
CHOLESXY processor ca l cu la t e s  t h e  number of s iqn i f  i c a n t  d i g i t s  
l o s t  (the pivot  decay) during the computations, The number of 
s ign i f i can t  d i g i t s  l o s t  during so lu t ion  increases as t h e  degree 
of equation dependency increases,  A l l  s i n g u l a r i t i e s  and large 
pivot decays encountered during the matrix decomposition are 
iden t i f i ed  i n  t h e  pr in tout ,  along with the corresponding 
kinematic freedoms. Loss of a l a r g e  number of s ign i f ikan t  d i g i t s  
is generally corrected by modifying t h e  boundary conditions 
and/or t h e  element propert ies  associated w i t h  the  corresponding 
kinemcltic freedoms. 

Experience has shown t h a t  up t o  3 d ig i t s  can be l o s t  during 
the so lu t ion  of w e l l  conditioned equations for smaller models, 
a m  up t o  6 digits l o s t  during t h e  so lu t ion  of very complex 
s t ruc tu res  is  to le rab le .  Generally, t h e  loss of 10 d i g i t s  or 
more indica tes  a highly dependent system of equations t h a t  
requires modifications t o  be made t o  the  s t r u c t u r a l  model. 

The user has the  option of requesting several  types of ill- 
conditioning checks t o  be performed on the  s t r u c t u r a l  s t i f f n e s s  
matrix during execution of the ?rlERGE processor. These checks 
provide the  use r  w i t h  ind ica tors  of t h e  level of i l l -condi t ioning 
pr ior  t o  solving the equations by the CHOLESKY processor. U s e  of 
these f a c i l i t i e s ,  pa r t i cu la r ly  f o r  complex models, has shown t o  
be ef kective i n  the  i d e n t i f i c a t i o n  of i l l-conditioned regions of 
a mdel pr ior  t o  en ter ing  the so lu t ion  phase. 

The method used by the - E R G E  processor i n  performing t h e  
conditioning checks i s  based on nodal s t i f f n e s s  matrices, That 
i s ,  t h e  s t i f f n e s s  components of a l l  elements d i r e c t l y  associated 
w i t h  a node are used t o  form a local s t i f t n e s s  matrix. A matrix 
of this type i s  created for eacn node i n  the finite element 
model. irased on t h e  minimum and maximum eiqenvalues for each 
matrix, i n  addi t ion t o  user-selected ra t ios ,  various diagnost ic  
tests &e performed. An e r r o r  message is issued, for example, 
when Vie minimum eigenvalue is less than o r  equal t o  zero or  when 



the  maximum eigenvalue is grea ter  than the minimum eigenvalue 
t i m e s  I O 1 4 =  In t e rp re t a t ion  of the  la t ter  s i t u a t i o n  is  t h a t  t h e  
range i n  s t i f f n e s s e s  corresponding to  t h e  nodal freedoms requi res  
approximately 14 dig i t s  of accuracy.. Each of the foregoing 
conditions would obviously introduce s i g n i f i c a n t  error i n t o  t h e  
so lu t ion  of t h e  equilibrium equations 

5 . 3  ;JlkSS DISTRIBUTION MdDEL (User's Xanual; sees. 138, 238 and 
appendix C) 

The process of modeling a mass d i s t r i b u t i o n  involves 
assembling an a r r ay  of F i n i t e  elements that  represent  the 
physical mass d i s t r ibu t ion .  In  general ,  the t o t a l  m a s s  model is 
comprised of nodes, s t r u c t u r a l  f i n i t e  elements, mass f ini te  
elements, concentrated masses, and various f u e l  and payload 
d i s t r ibu t ions ,  All these components can be used, bu t  need not  be 
present i n  a p a r t i c u l a r  model. Descriptions of a l l  the types of 
~ R ~ S S  d i s t r ibu t ion  inpu t  data are presented in sec t ion  138 of the 
User s Manual. 

As w i t h  t h e  s t r u c t u r a l  model, the m a s s  model is  idknt i f ied  by 
an integer  SET number which must be t h e  same as tha t  used t o  
ident i fy  the corresponding s t r u c t u r a l  m o d e l ,  I f  only a w e i g h t  
aridlysis is t o  be performed, the inass model SbT number may be 
d i f f e r e n t  from the  s t r u c t u r a l  model SET number. There can be 36 
independent m a s s  sets i n  one job. Corresponding t o  each SET, 100 
d i f f e r e n t  mass d i s t r ibu t ions  can be spec i f i ed ;  each iden t i f i ed  by 
a CUNDITION number. 

The various components of a m a s s  d i s t r i b u t i o n  model are 
discussed i n  t h e  following sections:  

Section Description 

5.2 S t ruc tu ra l  N o d e 1  (nodes, boundary 

5.3-1 Mass F i n i t e  Elements 
5.3.2 Concentrated Masses 
5.3-3 Fuel and Payload 
5.3.4 M a s s  Modeling Considerations 
5.3e.5 Mass Options 

conditions and s t i f f n e s s  f i n i t e  elements) 

Formatted pr in tout  of the xtass-distribution m o d e l  data 
(nodes, coordinate systems, elements and bounriary conditions) can 
be generatea by including appropriate "PRINT I N P U T "  statements in 
t h e  execution-control deck (see sec. 6 and the Useres Xanual; 
stfcs- 206, 246 and 238) Pictorial  p l o t s  of the node and element 
gricls can d lso  be created using the G R A P H I S  postprocessor (see 
sec. 4 . 3 ) .  
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5.3.1 M a s s  F i n i t e  Elements 

Mass d i s t r ibu t ion  cha rac t e r i s t i c s  t h a t  are not  represented by 
the s t r u c t u r a l  f i n i t e  elements can be ideal ized by mass f i n i t e  
elements interconnected a t  the s t r u c t u r a l  nodes or a t  addi t iona l  
nodes independent of t h e  s t r u c t u r a l  model, One exception t o  t h e  
option of using independent %nassm nodes is when a Guyan reduced 
m a s s  matrix (Mass Option 4 )  is generated, I n  this case, a l l  mass 
elements must be connected to  ac t ive  s t r u c t u r a l  nodes. I n  all 
other cases, t h e  m a s s  d i s t r i b u t i o n  model may be independent of 
t he  s t r u c t u r a l  model. 

A maximum of 32 767 m a s s  f i n i t e  elements can be used t o  
def ine a t o t a l  m o d e l  or a substructure  component (see sec. 5.9) 
by a MASS data set. These elements represent  the  m a s s  
d i s t r ibu t ion  only and do not  a f f e c t  t h e  s t i f f n e s s  cha rac t e r i s t i c s  
of the model.. Each ele-wnt-def ini t ion data record contains the 
following sequence of information: 

a )  Eltype -- Element type name or i d e n t i f i e r  (e.g*, ROD, 
BEAM8 Or PLATE) I 

b) ------ Element input fonnat code (e-g., F2) 

c) Userid -- U s e r  selected element number preceded by the 
le t ter  N, o r  an alphanumeric element 
i den t i f i ca t ion  (e-g., NlOl or RIB-15) 

d) Nodes --- L i s t  of node numbers that define the element 

e )  Plist --- List of element property values (e..q-, 0.5 for 
a half  inch th i ck  p l a t e  element) 

If  *@Fxw and Wserid'. are not  input,  appropriate defaul t  
values are used automatically. For examplec i f  YJseridSs i s  not  
input, the element is assigned a number corresponding t o  its 
inpu t  sequence number and an i d e n t i f i c a t i o n  that  represents  the 
element type (€3-9. 8 BEAM). A l l  t h e  o the r  data  i t e m s  are 
required. 

The input format code provides t h e  option of defining the  
element m a s s  propert ies  i n  terms of densi ty ,  weight, or t h e  
weight and center of grav i ty  (tapered elements only}. For the 
dens i ty  and weight options,  the  user  may specify the element 
cross  sect ion or thickness propert ies ,  whereas with the weight 
and cexiter of gravi ty  option, t h e  system automatically ass igns 
appropriate cross sec t iona l  areas  and th icmesses  

Options are provided f o r  generating sequences of elernents 
provided they are the same type and have the same propert ies .  A 
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g r i d  of p l a t e  e~ementS, as shown i n  f i g u r e  5-13, can be created 
by the following data records,  For t h i s  case, the densi ty  option 
is used. 

PLATE F1 N l O l  1 2 5 4 . I  .5  TO N103 3 4 8 7 1 

*+2 0 0 200 4 4 4 4 .o - 0  0 200 4 4 4 4 / 

The m a s s  elements provided by ATLAS and the characteristics 
of each element type are described i n  the following subsections. 
The geometric shape, the number of mdes, and the property input  
options for each element type a re  shown i n  table 5-4. 

presented i n  appendix C of the U s e r %  Manual, 
Detailed descr ip t ions  of the ATLAS mass f i n i t e  elements are 

5.3.1.1 SCALAR Element 

T h i s  element allows the representat ion of m a s s  act ing a t  a 
single node. T h e  mass a t  a node is described i n  term.$ of i t s  
weight ,  and opt ional ly ,  it can be assigned three weight moments 
ot i n e r t i a  and three cross products of i n e r t i a .  The element mass 
rndtrix, i n  general, has s i x  degrees of freedom. 

5.5.1.2 ROD and BEAY Elements 

These elements a l l o w  l i n e a r l y  varying one-divensional m a s s  
d i s t r ibu t ions  t o  be defined i n  terms of dens i ty  and cross sec t ion  
pzoperties,  weight and cross sect ion proper t ies ,  or weight and 
center  uf gravity.  These options are used t o  m o d e l  mass 
propert ies  when only t h e  weight, center  or  gravity,  and the  
extent  of the mass are known, The BEAM element d i f f e r s  from the  
ROD i n  t h a t  cross-sectional area moments and o f f s e t s  can be 
d e k i n e d  f o r  t h e  BEAM. These addi t iona l  fea tures  are used 
primarily i n  conjunction w i t h  the Guyan reduced m a s s  matrix (Mass 
Option 4) t o  provide a better descr ip t ion  of the element i n e r t i a  
Character is t ics .  I n  addi t ion,  t h e  mass may be transferred: t o  an 
o f f s e t  s t r u c t u r a l  node. In  general ,  the mass matrix €or the BEAY 
element contains s i x  degrees of freedom a t  each node, whereas t h e  
nidss  matrix fo r  t he  ROD element contains  only three t r a n s l a t i o n a l  
degrees of freedom. 

5.3.1.3 PLATE Element 

T h i s  element is used t o  represent a mass d i s t r ibu t ion  when 
either the weight or  t h e  weight and cen te r  of grav i ty  of a t w o -  
dknensional region are known. A p l a t e  is described i n  terms of 
its weight, i t s  weight and center  of gravi ty ,  o r  its densi ty  and 
thickness. I f  the weight and center  of gravity a r e  specified, 
the system w i l l  t ape r  the p l a t e  th ickness  such that the  center  of 
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Table 5-4. The ATLAS Mass Elements 

I PROPERTY INPUT OPTIONS I 

GEOMETRIC 
SHAPE 

/ 

0 

.................. .................. ................... ............ .......................... ................. m .......... I @  

Default value may be used or property may be input 

Rigid element components (offsets and rigid connections) 
are illustrated by : 
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gravi ty  is satisfied. This option is l imited t o  center  of 
grav i ty  points  that  are near  the  p l a t e  centroid because t h e  p l a t e  
surfaces are assumed t o  remain f l a t  when the p l a t e  is tapered. 

A p l a t e  element can have three to  n ine  sides except when a 
Guya reduced mdss matrix (Mass Option 4) is desired. I n  t h i s  
case, the element is  limited t o  a t r i angu la r  or quadr i l a t e ra l  
shape. 
contains three t r a n s l a t i o n a l  degrees of freedom a t  each node. 

5.3,1,4 Built-up Elements 

The p l a t e  element m a s s  m a t r i x  used in the Guyan reduction 

The built-up m a s s  elements are i d e n t i f i e d  as t h e  SPAR and 
COVER elements. These elements are comprised of t w o  or more of 
t h e  basic eleinents and are used f o r  modeling s p e c i f i c  s t r u c t u r a l  
components. For example, i n  modeling box b e a m  type construction 
as found i n  wing s t ruc tu res ,  the SPAR element would be used t o  
model the spars and ribs, whereas the COVER element would be used 
t o  moue1 t h e  surfaces,  The geometric descr ipt ion of t h i s  element 
i s  based on t h e  concept of a %id-surfacem node, These nodes 
def ine the  mid-surface of the box beam w i t h  a "delta Zm 
coordinate t h a t  locates the  upper and l o w e r  surfaces. The m a s s  
matrix for  these elements is conputed a t  the mid-surface poin ts ,  

-- SPHfi E l e m e n t  

This element is comprised of a quadr i l a t e ra l  PLATE element of 
constant thickness representing t h e  w e b ,  and t w o  l i nea r ly  tapered 
ROD elements representing t h e  upper and lower caps. A t  each end 
of the element a massless rigid post connects t h e  mid-surface 
points  t o  the upper and lower surfaces. 

I n  cont ras t  to the other m a s s  elements, t h i s  element is  
described by a material density,  web thickness, and cap areas. 
The option t o  input  a weight and center  of grav i ty  f o r  t h e  
element is not avai lable .  The m a s s  matrix is computed a t  the 
mid-surface nodes w i t h  f i v e  degrees of freedom a t  each node (the 
local KZ freedom is inac t ive ) .  

COVER Element 
-1_- 

This elenent  i s  built-up f r o m  two PLATE elements  separated by 
massless r ig id  posts connecting t h e  mid-surface points  t o  t h e  
upper and lower sur faces-  The m a s s  of the  COVER element is 
described by the  individual surfaces  i n  terms of weight, weight 
and center oli: gravi ty ,  or thickness ana density. As w i t h  t h e  
PLATE ele:iient, i f  t h e  center  of grav i ty  is specif ied,  it must be 
near the  p l a t e  centroid because the surfdces  are assumed t o  
reuiain f l a t  when the  elenrent is tapered, A C O V m  element may 
have t h ree  t o  nine sides except when a Guyan reduced mass matrix 
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(Mass Option 4) is desired. In  t h i s  case, the element is l imited 
t o  a t r i angu la r  or quadr i l a t e ra l  shape. The re su l t i ng  element 
m a s s  inatrix has f i v e  degrees of freedom a t  each node. As w i t h  
t h e  SPAR, the local RZ freedom is  inactive. 

T h e  SPAR and COVER elements are intended to  be used together  
w i t h  element connectivity a t  t h e  mid-surface nodes, However, if 
convenient, t hese  elements may be used i n  conjuction w i t h  the 
other types of mass elements, 

5-3.2 Concentrated Masses 

In addi t ion t o  the  s t r u c t u r a l  m o d e l  and m a s s  element model, 
t he  capab i l i t y  of defining concentrated masses is provided. A 
concentrated mass represents  a component or region of s t r u c t u r e  
that  is concentrated a t  a s ingle  point  when computing a mass 
matrix. T h i s  point  i s  generally t h e  center  of grav i ty  of t h e  
component o r  s t r u c t u r a l  region, In addi t ion  t o  t h e  weight and 
center  of gravi ty ,  t h e  user can def ine up t o  s i x  weight moments 
of inertia f o r  each concentrated mass. These i n e r t i a &  are 
described relative t o  a coordinate system t h a t  is located a t  the 
center  of g rav i ty  of t h e  concentrated m a s s ,  and is p a r a l l e l  t o  
either t h e  GLOBAL or  a user-defined local reference frame, 

I n  general ,  the node defining the concentrated m a s s  cen ter  of 
gravi ty  will not coincide w i t h  a s t r u c t u r a l  node. Therefore, t he  
m d s s  matrix must be t ransfer red  from t h e  center-of-gravity node 
t o  t h e  s t r u c t u r a l  node. T h i s  is performed automatically by t h e  
system whenever an  tkoffsettF node is used i n  def ining a 
concentrated mass. The o f f s e t  node represents  a retained 
s t r u c t u r a l  node t o  which t h e  concentrated m a s s  is transferred.  
The r e su l t i ng  mass matrix w i l l ,  i n  general ,  be a 6 x 6 matrix 
containing t r a n s l a t i o n a l  mass terms, f i r s t  moment couplinq t e r m s ,  
and a 3 x 3 matrix p a r t i t i o n  with i n e r t i a  terms i n  t h e  ana lys i s  
frame of the s t r u c t u r a l  nude. Whenever a concentrated mass is 
specif ied a t  d re tained s t r u c t u r a l  node, no other  m a s s  from t h e  
s t r u c t u r a l  or mass element model is lumped a t  tha t  node, This 
characteristic of concentrated m d s s e s  d i s t inguishes  t h e m  from the 
SCALAR m a s s  e lements ,  which are lumped i n  conjunction with the  
other mass and s t r u c t u r a l  elements. 

When mass matrix option 2 o r  3 (diagonal or non-diagonal mass 
matrices) is  used and only t r a n s l a t i o n a l  degrees of freedom are 
retained, the  weight moments of i n e r t i a  need not be defined 
because no i n e r t i a  terms are associated w i t h  t r a n s l a t i o n a l  
degrees of freedom. 

The concentrate6 mass options can be used i n  a number of 
d i f f e r e n t  ways t o  model mass d i s t r ibu t ions ,  Concentrated masses 
may be used i n  conjunction w i t h  t h e  s t r u c t u r a l  and m a s s  element 
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I n o c i e l  t o  represent  c e r t a i n  components such as nacel les  or landing 
gears,  Multiple subsets of concentrated masses can be defined, 
thereby providing the capabi l i ty  of generating XMSS matrices f o r  
rnultiple weight conditions. 
components as separate  subsets  of concentrated masses el iminates  
the need of redef ining the constant m a s s  components, 
Concentrated masses can also be used t o  represent t h e  t o t a l  mass 
d is t r ibu t ion .  T h i s  i s  p a r t i c u l a r l y  use fu l  when only the weight 
and center  of grav i ty  of a structural region or component are  
known and there is i n s u f f i c i e n t  s t r u c t u r a l  model de ta i l  t o  
represent t h e  m a s s  d i s t r ibu t ion ,  Th i s  would be t h e  case when a 
beam %tick" model of a wing is being used and the weight and 
center  of g rav i ty  of the various Wing panelsfC are known, The 
weight of each panel would be concentrated a t  its center of 
grav i ty  and "offsetoa from a re ta ined  s t r u c t u r a l  node on t h e  b e a m  
representing t h e  wing s t i f  €ness characteristics. 

Defining the variable weight 

I n  addi t ion t o  representing actual m a s s  d i s t r ibu t ions ,  the  
concentrated %ass option may be used t o  input  d i r e c t l y  a ,known 
diagonal mass matrix, In this case, t h e  concentrated masses are 
defined with t h e  required proper t ies  d i r e c t l y  at t h e  retained 
s t r u c t u r a l  nodes. 

5.3.3 Fuel and Payload 

I n  add i t ion  t o  the  s t r u c t u r a l  and fixed weight items, the 
totdl mass d i s t r i b u t i o n  f o r  a f l i g h t  vehicle may include a number 
of fuel and payload d i s t r i b u t i o n s  representing various gross  
weight conditions. 
f i n i t e  e1e:nents and/or concentrated masses, However, i f  more 
than one d i s t r i b u t i o n  is  required, it is  generally more 
convenient to model these m a s s  p roper t ies  using the fue l  and 
payload data options. These options provide the capab i l i t y  of 
derining mult iple  f u e l  and payload d i s t r ibu t ions ,  and then 
se lec t ing  the one desired to r  each mass matrix. T h i s  approach 
requires less execution t i m e  and cost because the s t r u c t u r a l  and 
f ixed W e i g h t  portion of the m a s s  d i s t r ibu t ion  are not  
recalculated for each f u e l  and payload condition. 

Fuel and payload can be modeled using m a s s  

5-3.3.1 Fuel Data 

I n  defining the fue l  d i s t r ibu t ion ,  the user must provide 
three bdsic blocks of data: 1) the  f u e l  tank geometry, 2) the 
f u e l  loading and/or usage sequences, and 3) t h e  CONDITION data 
which define t h e  vehicle  a t t i t u d e  and amount of f u e l  €or the  
cclndi t ion . 

The fuel tank geometry is defined i n  terms of sect ions which 
are represented by t he  t w o  basic  shapes shown i n  f iqu re  5-14. 
Each of t h e s e  shapes i s  def ined i n  teras of node points  w h i c h  may 



JYPEl S h a p e  
Three or four.  m id-sur face  nodes NI,N2,N3 (and H4) 
are used. A d d i t i o n  o f  t h e  r e s p e c t i v e  A z  
coord ina tes  t o  the  nodal  z -coord ina tes  d e f i n e s  the  
upper surface.whereas s u b t r a c t i o n  d e f i n e s  the lower 
surface. The A z  d i r e c t i o n s  a r e  d e f i n e d  by the  
i n p u t  noda l  z-axes which need n o t  be p a r a l l e l .  I f  
4 nodes a r e  used,they must be i n p u t  s e q u e n t i a l l y  
i n  e i t h e r  a c l o c k r i s e  o r  coun te rc lockw ise  d i r e c t i o n .  

I 

T Y P E 2  S c a p e  
?he b a s i c  s o l i d  i s  d e f i n e d  by 8 nodes. These nodes 
d e f i n e  -12  edges (El-E12) and d i r e c t i o n s  the reo f  as 

N7 shown i n  the  f igure .  An i n t e r m e d i a t e  node may be  
s p e c i f i e d  on each edge. The 8 un ique  corner  nodes 
must be i n p u t  f i r s t  f o l l o w e d  by any edge nodes. The 
f i r s t  8 nodes d e f i n e  two o p p o s i t e  s ides  o f  the so l i d .  
N1-N4 may be i n p u t  c lockw ise  o r  counterc lockwise ,  
however, N 5 - H B  must be o rde red  so t h a t  each o f  t he  
node p a i r s  (Nl,H5),(NZ.N6),(H3,H7) and ( N 4 . M )  l i e s  
on a separa te  edge. The 1 t o  12 edge nodes must be 
i n p u t  i n  an order ,  c o n s i s t e n t  wi th the  'edge numbers. 
I f  o n l y  some o f  t he  edges have nodes,reros must be 
i n p u t  in  the a p p r o p r i a t e  l o c a t i o n s  so t h a t  a t o t a l  
o f  20 i n t e g e r s  a re  input.  The noda l  i n p u t  f o r  the 
exampl e shown wou I d  be H1 ,N2.. . e ,N8,H9,0,H10,0.0,0, 

E6 

N6 

H9 O,O.O;O,O.Ht 1 e 

Figure 5-14. Fuel Tank and Cargo Hold Basic Shapes 
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be rioaes used f o r  the  s t r u c t u r a l  m o d e l  or  nodes defined s t r i c t l y  
for  describing the  f u e l  tanks,  I n  def ining t h e  tanks, a t t e n t i o n  
should be paid t o  l o g i c a l  node numbering schemes tha t  allow use 
of t h e  tank-section generation c a p a b i l i t i e s ,  as w e l l  as the  node 
generation c a p a b i l i t i e s ,  
each f u e l  t m k ,  options are provided for specifying a f u e l  
aens i ty  other  than t h e  default value of -0294 lbs/ina,  and what 
percent of the f u e l  tanks contain usable f u e l ,  

I n  addition t o  the basic geometry of 

The a c t u a l  fue l  dist r ibut ion is no t  defined e x p l i c i t l y .  
Instead, t h e  sequence of loading and/or using fuel  is spec i f ied  
froxci~n w h i c h  t h e  system ca lcu la t e s  the desired fue l  weiqht, The 
r e su l t i ng  d i s t r i b u t i o n  is used t o  generate t he  required m a s s  
matrices- T h e  lolrding and usage of f u e l  art? defined by t h e  f u e l  
tWN3AGX!&NT*1 data subset ,  These data records specify the amount 
of f u e l  i n  each tank (loading commands), the sequence of tank 
usdge, ana the amount of f u e l  used out of eacn tank p r io r  t o  
usinq another tam (usage commands). A number of usage opt ions 
i s  provided, including the  sequential  use of f u e l  tanks, 
sinultdneous use from 2 or 3 tanks, simultaneous but w i t h  
different rates of usage, and the  t r a n s f e r  of f u e l  from one tank 
t o  another. In  a l l  cases,, the f u e l  usage automatically s tops  
when a spec i f ied  end condition is reached. T h i s  may occur when a 
spc i f i ed  f u e l  weight remains, when a s p e c i f i c  amount has been 
used, when a tank i s  empty, or  when a defined r a t i o  of f h e l  i n  
t h e  tanks has been reached, 

A f t e r  t h e  tank geometry and f u e l  management procedures are 
established, the weight conditions for generating f u e l  m a s s  data 
are dekined by t h e  ATTITUDE and CONDITION data subsets, The f u e l  
conditions are specif ied by defininq t h e  vehicle a t t i t u d e  i n  
terms of roll., pitch,, and yaw angles measured from the  GLOBAL 
rererence frame, a vector normal. t o  t h e  sur face  of the f u e l ,  the  
total fue l  weight for  the conditions, and t h e  f u e l  management 
sequence t o  follow i n  achieving the desired weight. 

5 .3  3 - 2  Payload D a t a  

A s  with t h e  f u e l  d i s t r ibu t ion ,  the payload d i s t r i b u t i o n  i s  
uefined by three basic  blocks of da ta ;  3 )  the cargo nold and seat 
jco:oetry, 2) t h e  payload loading sequence, and 3) t h e  CONDITION 
data defir,iny the amount of cargo and number of passengers on 
board. 

T h e  passenger s e a t  locat ions are defined i n  t h e  sane xanner 
45 nodes, wherein a seat nurnber and i t s  x, f, Z coordifiates are 
specif ied,  I n  defining t h e  seats,  opt ions a r e  provided for  using 
iocal reference frames, for generating rows of seats, and f o r  
repeating rows of seats. Use of these options,  i n  general, 
allows a l l  seat  locat ions t o  be defined w i t h  a minimum of input  
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data. Defini t ion of t h e  cargo hold geometry is t h e  saxie as t h e  
de f in i t i on  of f u e l  tank geometry- 
of sect ions which are represented by t h e  t w o  basic shapes shown 
previously i n  f igu re  5-74, Options for sec t ion  and node 
generation are the s a m e  as discussed €or t h e  f u e l  tanks, 

Each hold is defined i n  terms 

ks f o r  the f u e l  data, t he  ac tua l  payload d i s t r ibu t ion  is not  
defined e x p l i c i t l y ,  A sequence of loading commands is defined to 
specify the desired passenger and cargo loading sequence. These 
data are used along with the cargo densi ty ,  passenger weight, and 
weight moment of i n e r t i a  data to d i s t r i b u t e  the payload, 

A f t e r  the  geometry and loading sequences are defined, t h e  
payload conditions are defined i n  t e r m s  of t h e  number of 
passengers, cargo weight, and loading sequence for d i s t r i b u t i n g  
the passengers and cargo, 

5.3.4 lviass Modelinq Considerations 

The  primary r e spons ib i l i t y  of the engineer assembLing a m a s s  
model is  t o  provide an ideal ized representat ion of t h e  a c t u a l  
m a s s  d i s t r i b u t i o n  t h a t  is  detailed enough t o  give accurate  
r e s u l t s  but no t  so l a r g e  as t o  become prohib i t ive  i n  t e r m s  of 
setup time or execution cost, The p r inc ipa l  f ac to r s  involved i n  
this r e spons ib i l i t y  are uiscussed i n  t h e  following sec t ion  and i n  
sec t ion  5-2-5, (Fundamental Modeling Considerations) . 
5.3,4.1 Level of De ta i l  

T h e  amount of d e t a i l  required f o r  t h e  mass model is general ly  
determined by t h e  ove ra l l  l e v e l  of d e t a i l  of the analysis  and t h e  
artiount and nature  of t h e  ava i lab le  inass data, A l a rge  
substructured model would requi re  p a r a l l e l  mass substructures , 
eacn w i t h  many s t r u c t u r a l  and mass elements to' represent the m a s s  
diStKlbUtiOn, whereas t h e  mass d i s t r i b u t i o n  f o r  a '@stick1' model 
or a wing could be represented w i t h  10 t o  15 concentrated masses. 
A n o t h e r  f a c t o r  i n  de temining  t h e  l e v e l  of de ta i l  for the mass 
model is t h e  nature of t h e  m a s s  d i s t r i b u t i o n  i t s e l f .  If la rge  
regions of t h e  s t r u c t u r e  have reasonably uniform mass 
d i s t r ibu t ion ,  t hey  should be represented by s i n q l e  elements 
Nothing i s  gained by dividing a la rge  area into many elements 
unless  t h e  mass d i s t r i b u t i o n  is such t h a t  t h i s  is necessary- I t  
i s  usually no t  necessary t o  m o d e l  each i t e m  separately even in 
large de t a i l ed  models, .Multiple components i n  the  same geometric 
region of t h e  s t r u c t u r e  can be lumped together and modeled. with 
fewer elements e 

I n  general, a model e varying degrees of de t a i l  €or 
dittferent sec t ions  of the s t ruc ture .  For example, a wing 
s t ruc tu re  may be very detai led and use t h e  s t r u c t u r a l  elements 
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and non-optimum fac to r s ,  fuel data, and m a s s  elements f o r  
representing the  systems and secondary structure. On the o the r  
hdntt, the body may be a stick mdel and need only be represented 
by a series of concentrated masses. 

5-3.4.2 Choice of Elements 

Closely related t o  the level of modeling de t a i l  is t h e  choice 
of ele,.nents used t o  represent  t h e  mass d i s t r ibu t ion .  The ATLAS 
concentrated masses and m a s s  elements provide a v a r i e t y  of 
options i n  representing one-, t w o - ,  and three- dimensional m a s s  
regions, The SCiUAR element may be used t o  represent  three- 
diniensional s o l i d  mass regions s u c ~  as l a rge  forgings and major 
system components tha t  can be lumped a t  a point  i n  t h e  s t ruc ture .  
One-dimensional components, such as long w i r e  or  duct runs and 
S ~ K S  €or which the mass d i s t r i b u t i o n  can be considered along a 
l h e ,  should be modeled using ROD, BEAM or SPAR elements. 
Generally, Lhe IiOD e l e m e n t  provides an acceptable level of de t a i l  
arid is  t h e  simplest of the  three elements, 

I 

The twu-diaensional PLATE element i s  the most versatile 
element i n  t h a t  it can be used t o  model a w i d e  var ie ty  of mass 
d is t r ibu t ions .  It can be used t o  represent  a l a r g e  uniform 
d i s t r i b u t i o n  of mass such as an e x t e r i o r  f i n i s h ,  or a wing 
ideal ized as  d s ing le  elernent, It  can also  be used t o  model 
detailed components of a built-up skin panel, wing leading and 
t r d i l i n g  edge s t ruc tu re ,  f l aps ,  o r  a complete horizontal  t a i l ,  
I n  general, t h e  PLATE element is used t o  represent any two 
dimensional component or region when t h e  weight and geometric 
bounds of the weight are known, 

The choice of elements for a p a r t i c u l a r  m o d e l  is influenced 
by many f ac to r s  including the s t r u c t u r a l  mdel cparacteristics, 
t h e  d e t a i l  of t h e  o v e r a l l  ana lys i s ,  t h e  information available 
about t h e  mass d i s t r ibu t ion ,  and t h e  engineer's experience, 

No s p e c i f i c  r u l e s  or formula can be stated for es tab l i sh ing  
the i eve l  of de t a i l  or element s e l ec t ion  necessary for a 
suLkiciently accurate ana lys i s  i n  a given s i tua t ion .  The 
engineer must consider t h e  ove ra l l  ana lys i s  and t h e  nature of the 
mass data avai lable ,  and must establish t h e  l e v e l  of de t a i l  of 
t h e  inass d i s t r i b u t i o n  accordingly 

5.3.5 Mass Options 

I n  addi t ion t o  t h e  considerations d i s c u s s e d  above, t h e  
required type of calculated m a s s  data ( e - g , ,  mass matricesc 
detailed weight statements and fuel/payload data) can have an 
influence on t h e  m a s s  d i s t r i b u t i o n  model- The -WSS processor, 
for example, provides the capabi l i ty  of ca lcu la t ing  three types 
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of reduced mass matrices using OPTIONS 2, 3 and 4; diagonal, non- 
diagonal, and Guyan reduced, as discussed i n  t h e  following 
sect ions,  Mass OPTION=1 is used for ca lcu la t ing  weights and 
i n e r t i a s  of t h e  individual  elements and the to t a l  mass- 
d i s t r ibu t ion  model. 

A l l  ca lculated mass data can be printed by including 
appropriate PRINT OUTPUT (MASS) statements in the ATLAS execution 
-control deck (see sec, 6 and the U s e r ' s  Manual; sec. 2 3 8 ) -  I n  
ver i fying a m a s s  model, for example, the weight and c.g. can be 
pr inted for t h e  to ta l  model o r  for user-selected components and 
regions of the model. Detailed weight-statement options a l l o w  
the user t o  i temize and label the  selected weight data i n  d 
tabular pr in tout .  

5 -3 -5 .1  Diagonal M a s s  Matrix (OPTIOrJ=2) 

The diagonal mass matrix contains only the lumped 
t r ans l a t iona l  mass t e r m s  and the diagonal i n e r t i a  terms. The 
first moment and cross product of i n e r t i a  terms are ignored. The 
matrix is generated by lumping each incremental m a s s  'WBC of the 
m o d e l  directly a t  t h e  closest retained node. ff r o t a t i o n a l  
degrees of freedom are retained,  t h e  mass moments of i n e r t i a  for 
the m a s s  lumped a t  each node are computed- The r e su l t i ng  masses 
and i n e r t i a  are assembled t o  form a diagonal mass m a t r i x ,  This 
type of mass matrix is the  least expensive t o  generate ahd can be 
used when the g r i d  oE retained nodes is uniformly d i s t r ibu ted  
such that t h e  center  of grav i ty  of the  m a s s  to be lumped at d 
node is close t o  tha t  node. Th i s  minimizes the e f f e c t  of 
ignoring the of f-diagonal f i r s t  moment terms. If concentrated 
masses are used, a l l  i n e r t i a  t e r m s  are ignored except fo r  the 
diagonal terms. I n  t h i s  case, the retained s t r u c t u r a l  nodes 
should coincide w i t h  the  mass centers  of gravi ty ,  If  only 
t r ans l a t iona l  degrees of freedom are retained and the accuracy of 
a Guyan reduced mass matrix i s  n o t  needed, the 'diagonal mass 
matrix option should be used. 

In general ,  use of the diagonal m a s s  matrix requires  a 
reasonably f i n e  nodal g r i d  where the retained nodes are located 
uniformly throughout the  structure. If these criteria are 
sat isf ied,  the diagonal m a s s  ma-tkix provides an inexpensive and 
accurate option for generating the required m a s s  d i s t r i b u t i o n  
data. 

5 e 3 5 2 Non-Diagonal Mass Matrix (OPTION=3) 

Wher, generating a m a s s  matrix for a "stick#@ m o d e l  or a 
coarse-grid model, the non-diagonal m a s s  matrix gene ra l ly  
provides more accurate  r e s u l t s  because t h e  r o t a t i o n a l  i n e r t i a  and 
first m o m e n t  coupling terms axe included i n  t h e  analysis .  T h i s  
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matrix is  generated l i k e  the diagonal matrix i n  t h a t  each 
incremental m a s s  "dM" of the m o d e 1  i s  lumped a t  t h e  closest 
retained node, The primary d i f fe rence  is that ins tead  of lumping 
t h e  m a s s  d i r e c t l y  a t  the retained node, the data mass to  be 
lumped a t  a given node is accurm;llated, and its center  of grav i ty  
and s i x  m a s s  moments of i n e r t i a  are computed. The re su l t i ng  mass 
terms a t  the center  of gravity are  then t r ans fe r r ed  t o  t h e  
retained node and assemblea d i r e c t l y  t o  form t h e  reduced m a s s  
matrix, 

When using a non-diagonal mass matrix, a t t en t ion  should be 
given t o  preserving t h e  r o t a t i o n a l  i n e r t i a  characteristics of t h e  
s t ruc tu re  when t h e  mass model is defined, If concentrated masses 
are used, the  weight moments of i n e r t i a  corresponding t o  the  
retained r o t a t i o n a l  degrees of freedom should be defined. 

U s e  of the non-diagonal m a s s  matrix option a l l o w s  the m a s s  
and i n e r t i a  characteristics of t h e  s t r u c t u r e  to  be represented 
accurately even when the g r id  of re ta ined nodes is somewhat 
coarse o r  it does not enclose the  e n t i r e  s t ruc ture .  I n  a l l  
cases, t h e  ro t a t iona l  degrees of freedom t h a t  couple with the  
retained t r a n s l a t i o n a l  degrees of freedom must be re ta ined  i n  
order t o  preserve the i n e r t i a  characteristics of the m o d e l ,  

5.3.5.3 Guyan Reduced Mass Matrix (OPTION=4) 

X detailed v ibra t ion  analysis  of a s t r u c t u r a l  component may 
require  t h e  increased accuracy and cost of generating a Guyan 
reuuced mass m a t r i x .  IIf t h i s  option i s  selected, there are 
certain r e s t r i c t i o n s  placed on the mass d i s t r i b u t i o n  model. A l l  
mass elements must be connected t o  s t r u c t u r a l  nodes, t h e  f u e l  and 
payload options are n o t  available, and t h e  mass PLATE and COVER 
elements are l i m i t e d  t o  t r i a n g l e s  and quadr i l a t e ra l s -  Any 
concentrated masses are merged along w i t h  the element m a s s  
matrices. 

A Guyan reduced m a s s  matrix i s  generated by ca lcu la t ing  an 
elemental m a s s  matrix f o r  each element i n  the s t r u ~ t u r e .  merging 
the elemental matrices with any concentrated masses t o  form the 
gross mass matrix, and then using the Guyan reduction procedure 
(ref. 5-3) t o  reduce the  gross m a s s  matr ix  t o  form t h e  f i n a l  
reduced m a s s  matrix- The elemental mass matrices are calculated 
as  lumped non-diagonal matrices formed by proportioning t h e  
element m a s s  t o  each a c t i v e  element node, computing the  center of 
gravi ty  ctnd i n e r t i a s  of t h e  proportionate mass, and then 
t ransfer r ing  the inass and i n e r t i a  to the corresponding node, 
T h i s  procedure is  illustrdtedt i n  f igu re  5-75 for  an offset b e a m .  
T h e  BHICX element is an exception t o  t h e  procedure i n  t h a t  its 
n~ss  matrix is  a cons is ten t  m a s s  matrix (ref. 5-4) based on the 
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integrat ion of the assumed displacement function used for the 
element s t i f f n e s s  matrix formulation, Merging of t h e  elemental 
m d s s  matrices and the Guyan reduction are performed by including 
a PIlRFOxM M-REDUCE statement in t he  execut ion-cmtro l  deck (see 
sec. 6 and the U s e r b s  Manual; appendix E) ; 

The Guyan reduced mass matrix formulation i s  expensive and 
should be used only when the diagonal or non-diaqonal options do 
not  y i e l d  s u f f i c i e n t l y  accurate r e s u l t s ,  or when BRICK elements 
are used i n  the  model, The only m a s s  matrix option available fo r  
BRICK elements is  the  Guyan reduced m a s s  matrix, 

5.4 STATIC LOADS ( U s e r @ s  Manual; secsa t34  and 234) 

This sec t ion  describes the various types of s ta t ic  loads that 
can be applied t o  a s t ru&ura l  model, These loads can be used t o  
perform s t a t i c  stress analyses, b i furca t ion  buckling analyses 
(general i n s t a b i l i t y ) ,  and automated s t r u c t u r a l  res iz ing  by the  

ATLAS System. 

All loading is associated w i t h  a pa r t i cu la r  s t ructura ' l  model 
(a SET) and one of i ts  groups of boundary conditions (a STAGE]. 
I n  a substructured analysis ,  loads can be appl i  only t o  the 
l o w e s t  level substructures  (see, sec. 5-9) (. 

Discussions of t h e  various types  of static loads are  
presented i n  the  following sect ions 

Section Loadins Type 

5-4.1 Support Displacements 
5.4.2 Nodal and Element-Distributed Loads 
5-4.3 Rotational I n e r t i a  Loads 
5.4-4 Thermal  Loads 
5 -4.5 ATLAS/FLEXSTAB Interfaced Loads 

A l l  loads input  w i t h  t h e  sape loadcase labe l ,  regardless of type, 
are automatically cumulated, 
defined a s  a l i n e a r  combination of other  loadcases. Detailed 
descr ipt ions of the LOADS data  a r e  presented i n  sec t ion  134 of 
the U s e r  Os Manual, whereas descr ipt ions of ho ar ious types 
of loads are processed axe presented in the AT LOADS Module 
Theory" document . 

A loadcase can opt ional ly  be 

Formatted pr in touts  of selected loadcase hput data, as well 
as the cumulated nodal loads and applied load resu l tan ts  a r e  
generated by including appropriate nPRIMT statements i n  t h e  
ATLAS execution-control dec8 (see sec, 6 and the U s e r a s  Manual; 
see. 234) . 

t 
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5 .4 .1  Support Displacements 

motion for  supported degrees of freedom, 
loadcase dependent and can be combined w i t h  any o the r  type of 
s ta t ic  loading i n  a given loadcase. 
support displacements are spec i f ied  relative t o  the nodal 
analysis  frames e 

B y  means of p*SsuPPORT' DISPLACEMENT'* data,  a user can prescr ibe 
These displacements are 

It should be noted t h a t  

Support displacements may be input  i n  either the BC data set 
or the LOADS data set (or both). Input farrnats for these data 
are i d e n t i c a l  i n  both da t a  seks. 

If a nonzero displacement value is  not  speciEied for  a 
supported freedom, it is considered as being r i g i d l y  fixed, 

5.4.2 Nodal and Element-Distributed Loads 

nNODAL LOAD" data provide the  means for d i r e c t  spec i f i ca t ion  
of a concentrated force o r  moment a c t i n g  at a node. Only nonzero 
force or moment components need be specif ied.  Any loc,al 
reference frame defined i n  the NODAL d a t a  set can be used t o  
specify t h e  d i r ec t ion  of ac t ion  of t h e  nodal loads. m l t i p l e  
loads applied t o  a c e r t a i n  freedom f o r  a given loadcase are 
cumulated. 

**E;LEMENT LOADS1@ d a t a  are used t o  specify d is t r ibu ted  pressure 
loading ac t ing  OR s t i f f n e s s  f i n i t e  elements. The loading may act  
i n  any d i r ec t ion  and is specif ied per u n i t  length f o r  l i n e a r  
elements (ROD, BEAM, SROD) or per u n i t  surface area for p l a t e  
elements (PLATE, COVER, GPLATE, SPLATEl CPLATE, CCI)VER). The 
d i rec t ion  of ac t ion  may be spec i f ied  relative t o  e i t h e r  t h e  
GLOBAL frame or the element reference frame for a l l  elements 
except t h e  BRICK, for which the element reference frame must be 
used. Except for  t h e  BRICK, the nodal forces  kesul t ing from t h e  
specif ied element loads are a simple set of s t a t i c a l l y  equivalent 
forces. Consistent nodal fprces  are ca lcu la ted  f o r  t h e  BRICK. 
Nultiple loads applied t o  an element f o r  a c e r t a i n  loadcase are 
cumulated (. 

5.4.3 Rotational I n e r t i a  Loads 

I n e r t i a  loads r e s u l t i n g  from t h e  ro t a t ion  of a s t ruc tu re  
about a s t a t iona ry  a x i s  can be ca lcu la ted  by the ATLAS S y s t e m ,  
The state of ro t a t ion  is defined by the IME3TIA LOADS 
subset whereby the  ax i s  of ro t a t ion  and the pos i t ive  sense of . 
ro t a t ion  are specif ied by two nodes. Nult iple  axes of r o t a t i o n  
may be used in a s ing le  analysis ,  For each axis of ro ta t ion ,  any 
number of loadcases may be fined by specifyinq d i f f e r e n t  
angular ve loc i ty  and/or an ar acce lera t ion  components. The 
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following types of mass components contr ibute  t o  the i n e r t i a  
loads : 

a) S t i f f n e s s  f i n i t e  elements 
b) Mass f i n i t e  elements 
c) Concentrated m a s s e s  

I n e r t i a  loads are automatically combined w i t h  any other types of 
loads associated with the s m e  loadcase inden t i f i e r .  

5.4.4 Thermal Loads 

19TKERMAL LOADSt* data a l l o w  the user  t o  specify changes i n  
temperature which r e s u l t  i n  stresses and def lect ions.  These 
thermal loads (temperature changes) may be spec i f ied  either as 
nodal loading or as  element loading. The loads must be applied 
a s  element loading when a thermal load d iscont inui ty  occurs a t  a 
node or when there are gradients  through the depth of an element 
a t  d node (e-g., a gradient  through t h e  thickness of a GPLATE) 
I f  both nodal and element thermal. loads are spec i f ied  for the 
s a m e  point i n  t h e  model, only the element thermal loads are used. 

base temperature, To, which is t h e  value 02 "'Tcodeg"! in t he  
element def in i t i on  record of the  STIFFNESS data set. The applied 
thermal s t r a i n s ,  E I a r e  calculated by ATLAS i n  the following 
manner : 

The AT thermal  loads are changes w i t h  respect t o  the element 

where 
from material table a t  final 
temperature 'Tf = 'T 

&Ti = cT from material t ab le  at i n i t i a l  
temperature (To) 

The user must be ca re fu l  t o  def ine  To, A T and t h e  cT values i n  
t he  MATERIAL data set such that. t h e  desired thermal s t r a i n s  
r e s u l t ,  
loading by i t se l f ;  a nonzero AT must be specified, 

N o t e  t h a t  a nonzero ET a t  To does not  produce any s t r a i n  

T o  calculate the i n t e r n a l  forces  r e s u l t i n g  from these i n i t i a l  
s t r a i n s ,  t h e  element s t i f f n e s s  a t  temperature To is used, An 
exception t o  t h i s  m a y  be made, as  a user  option, f o r  the BRICK. 
T h i s  option is selected by the PATERIAL parameter i n  the EXECUTE 
LOADS control  statement (sec, 234 i n  t h e  U s e r %  Manual) I f  the  
VARIABLE material option i s  selected, t h e  s t i f f n e s s  of t h e  BRICK 
is calculated using t h e  material proper t ies  a t  the f i n a l  
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temperature (To+AT) which may d i f f e r  from node t o  node within t h e  
element. 

Thermal gradients  through t h e  depth of a BEAM are spec i f ied  
by input of a TWERW LOADS data subset and a =DETAILg9 data set 
(sec. 114 i n  the U s e r r s  Manual). The gradien t  through t h e  BEAM 
i n  the element y-d i rec t ion  is defined as 

where the ATs are specif ied in t h e  LOADS data and wdytL is  defined 
by t h e  DETAIL data set., The gradient  through the  beam i n  the  
element z-direction i s  defined s imi l a r ly  as 

Note that the gradients  i n  the y and z di rec t ions  are 'defined 
independently of each other, 

s t r u c t u r a l  nodes, a x i a l  s t r a i n s  are provided i n  t h e  r ig id  
offsets. These r i g i d  o f f s e t  s t r a i n s  are calculated using the 
s t r a i n  values spec i f ied  for t h e  element's material and t h e  
average of the thermal loads a t  the  o f f s e t  ends. I f  a grad ien t  
through t h e  element depth exists, the  average element temperature 
difference a t  t he  aux i l i a ry  node is used at t h a t  end of the  
off set  e 

I n  order not  t o  r e s t r a i n  an element ofkse t  f r o m  i ts 

5.4.5 ATLAS/FLEXSTAB Interfaced Loads 

The ATLAS/FLEXSTAB i n t e r f ace  provides the capabi l i ty  of 
applying those nodal loads (airloads) qenerated by the  FLEXSTAB 
System ( r e f .  5-5) t o  an ATLAS s t r u c t u r a l  model. I n  using this 
capabi l i ty ,  the  following r e s t r i c t i o n s  apply to  t h e  s t r u c t u r a l  
model and t h e  ana lys i s  procedure. 

a )  The model may not be substructured, 

b) A l l  loaded freedom must be iden  as retained 
freedoms i n  t h e  boundary condi t i  data, 

c) The order of the ATLAS re ta ined  freedoms must be t h e  
same a s  t h a t  used i n  the FLEXSTAB analysis ,  

d )  All re tained nodes must have a GLOBAL analysis  frame 
oriented such t h a t  t h e  pos i t i ve  X - a x i s  i s  i n  the 
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di rec t ion  of t h e  f r e e  stream flow and the pos i t ive  Z- 
axis i s  upward, 

e) The GLOBAL X-Y plane is t h e  plane of symmetry- 

Calculation of displacements and stresses is performed by 
using a spec ia l  ATLAS Control Program which reads the FLEXSTAB 
SDSS loads file prior t o  us ing  t h e  ATLAS R-STRESS execution- 
control  procedure for performing a stress analysis .  

The FLEXSTAB loads f i l e  may contain loads €or both a 
symmetric and an antisymmetric analysis  The s y m m e t r i c  boundary 
conditions are assigned STAGE I and the  loads are assigned 
in teger  loadcase l abe l s  1 through N corresponding t o  the first 
through N - t h  loadcases on the  FLEXSTAB loads f i l e ,  The 
antisymmetric boundary conditions are assigned S A G E  2 and the 
loads are assigned loadcase labels 1 through N in t h e  same manner 
a s  t h e  symmetric loads, These loadcases are automatically 
combined with any other ATLAS loadcases that have the same STAGE 
and loadcase labels .  I 

Further descr ipt ions of t h e  ATLASFLEXSTAB System in te r faces  
f o r  performing acroe las t ic  loads analyses are presented in 
appendix G of t h e  ATLAS UserCs Manual. 

5.5 STRESS ( U s e r t s  Yanual; secs. 154 and 254) 

A stress analysis  generally includes the  calculat ion of nodal 
displacements, element stresses, i n t e r n a l  element nodal forces, 
ana reactions. For cost-effect ive solut ion of ce r t a in  problems, 
superposit ion of the calculated displacements and stresses for  
multiple loadcases is also required. A l l  of these types of 
calculat ions are  supported d i r e c t l y  by the bTRESS processor. 

5.5.1 - Problem Formulation 

The model-definition data sets required for  performing a 
bas ic  stress analysis  dre as follows (see table 5-1) : 

a) NODAL -- see sec-  5.2.2 
b) BC (Boundary Condition) -- see sec. 5.2.3 
c) STIFFNESS -- see secs. 5.2-4 and 5-2-5 
d)  WADS -- see sec, 5-4 

A STRESS data set is required only i f  displacements and stresses 
are t o  be superimposed; a superposi t ion loadcase is defined as a 
l i n e a r  combination of one or more other loadcases. Factors 
assigned t o  the component loadcases may be known or unknown. The 
unknown fac to r s  a re  calculatea by using specif ied cons t ra in ts  on 
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selected nodal displacements and/or element stresses ( U s e r  ES 
Manual; sec. 154) e 

The s t r u c t u r a l  model must be supported (constrained) from any 
r i g i d  body motion by specifying a s u f f i c i e n t  number of supported 
freedoms i n  the 3 C  data set ( U s e r %  Manual; sec, 106) 

Displacernents, i n t e r n a l  element nodal forces,  and reac t ions  
dre calculated relative to the node ana lys i s  reference frames 
specif ied by the NODAL data set  (User's Manual; s e e ,  ?46), 
whereas stresses are calculated relative t o  the  individual  
element reference frames (User's Manual; appendix B) .I The 
calculatecl stresses and related sign conventions, as w e l l  a s  t h e  
or ien ta t ion  of element reference frames for t h e  var ious types of 
ATLAS elements a r e  described i n  appendix 33 of the U s e r R s  Xanual. 

Displacements, stresses and reac t ions  are calculated simply 
by including a l E 3 F O i i M  STXESS statement  i n  t h e  execution-control 
deck (see sec. 6) In te rna l  element nodal forces are also 
ca1cular;ed when tihe execution parameter OPT= ( 1,2,3) $6 spec i f i ed  
i n  this statement. P lo t s  and pr in tout  of these calculated data 
are generated a s  discussed i n  sect ion 5.5.3 (Stress 
Postprocessing) . 
5.5.2 Solution Accuracy Checks 

T h e  s t ructurdl-data  qua l i t y  checks provided by ATLAS f o r  
detect ing and loca t ing  errors associated w i t h  the s t r u c t u r a l  
ritodel were aiscussed previously i n  sec t ion  5 . 2 - 6 .  In addi t ion to 
using those data checks, solut ion accuracy checks should be used 
in verifying t h e  q u a l i t y  of the problem solut ion,  

Overall checks on t h e  accuracy of a stress ana lys is  are 
w h e t h e r  t h e  calculated displacements and stresses are reasonable, 
and how much va r i a t ion  there is i n  t h e  stresses f o r  adjoining 
elements. Generally, i f  t he  node-to-node displacements or t h e  
eleirtent-to-element stresses vary s iqnif  i can t ly ,  a more re f ined  
e lement  g r id  layout must be used. 

The qua l i ty  of a stress analysis  can also be verified by 
requesting t h e  load-reaction equilibrium check to  be performed by 
t he  REACTION postprocessor ( U s e r t s  Manual; sec. 248). For each 
ladcase, the  applied loads are added to the computed reaction 
forces.  The r e s u l t a n t  six load components are displayed for each 
loadcase. I n  general ,  any s ign i f i can t  discrepancy between t h e  
applied load and react ion components r e f l e c t s  a poorly 
conditioned solution. Equilibrium of t h e  loaded s t r u c t u r e  has 
not been sa t i s f ied  adequately. The  user is cautioned t h a t  t h e  
equi l ibr iun  check does not include the reac t ive  forces  of ground 
on any SCALAR elements in t h e  s t r u c t u r a l  model. In  t h i s  case, 
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t h e  equilibrium check r e s u l t s  should balance the  r e s u l t a n t s  of 
a l l  tne SCALAR element i n t e r n a l  forces ,  as pr in ted  i n  the STRESS 
output * 

Overall equilibrium of the loaded s t r u c t u r a l  model must be 
ensured by supporting (f ixing)  a s u f f i c i e n t  number of kinematic 
freedoms so tha t  any r i g i d  body motion is prohibited.  
Additionaliy, s u f f i c i e n t  s t r u c t u r a l  elements or kinematic 
cons t ra in ts  must be provided so t h a t  no m e c h a n i s m s  e x i s t  within 
the s t r u c t u r a l  model, I f  t h e  equilibrium equations are ill- 
concitioned and processing is allowed t o  continue through 
completion, s t r u c t u r a l  i n s t a b i l i t i e s  can be detected by t h e  load- 
react ion equilibrium check, unreasonable displacements a t  ce r t a in  
freedom, or by a high loss of s i q n i f i c a n t  d i g i t s  during 
solution. Generally, t h e  kinematic  freedoms corresponding t o  t h e  
high d i g i t  losses, as i den t i f i ed  by t h e  CHOLESKY processor, allow 
t h e  user t o  ident i fy  necessary cor rec t ions  to be made t o  the 
bomaary conditions and/or the f i n i t e  element model. 

5.5.3 Stress Postprocessinq I 

Selected pr in tout  of the calculated displacements, stresses 
and i n t e r n a l  element nodal forces  is requested by includinq the  
foliowing appropriate s ta tements  i n  the  ATLAS execution-control 
deck. 

PRLINT OUTPUT (DISPLACE) 
PKLNT OUTPUT (STRESSES) 
PRINT OUTPUT (FORCES) 

Optional execution parameters i n  these statements allow the  
2rinted-page formats f o r  these  data t o  be spec i f ied  by t he  user, 
F’urthermore, the  pr inted data  can be l i m i t e d  t o  only those nodes 
and elements  included i n  nodal and element subsees as defined by 
a SUBSLT D E F I H I T I O N  data set ( U s e r ’ s  Manual; sec. 156) Those 
stresses, for example, corresponding t o  a l ist  of user-selected 
eiements, a c e r t a i n  element type, or  those  elements i n  a 
geometric region defining a c e r t a i n  s t r u c t u r a l  component can be 
printed i n  a block. 3 u l t i p l e  blocks of data corresponding t o  
multiple node/element subsets can be requested. U s e  of these 
features ,  as described in sec t ion  254 i n  the U s e r e s  X a n u a l ,  
al lows f o r  convenient i n t e rp re t a t ion  of the la rge  quan t i t i e s  of 
stress data generally required. 

Pr intout  of the i n t e r n a l  forces  ac t ing  m the  separate  
elements a t  d p a r t i c u l a r  node can be requested by using a PRINT 
OUTPUT (FREEBODY) statement i n  t h e  execution-control deck ( U s e r  % 
Manual; sec, 2 2 4 ) .  The isolated elements, a free-body region of 
the model, are included i n  an element subset  by input  of SUBSET 
DEFINITION data * 
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Printout  of t h e  calculated react ions,  as w e l l  as the load- 
react ion equilibrium check scribed in section 5.5.2,  is 
requested by using the execution-control statement PRINT OUTPUT 
(KEACTIONS,EQCHK) e This statement and its opt ional  execution 
parameters are described i n  sec t ion  2 4 8  in the U s e r @ s  Manual, 

The following types of p lo t s  can be created by using the 
GRAPHICS postprocessor t o  d isp lay  the daLa resulting f r o m  a 
stress analysis :  

a) N o d a l  displacements 
b) Deformed s t r u c t u r a l  g r i d s  
c) Element stress contours 
d) Graphs of element stress versus loadcase 

Further discussion of t h e  ATLAS graphical  output is presented i n  
sect ion 6 . 3 -  

5 . 6  BUCKLING ( U s e r ' s  Manual; secI 208) 

Cri t ical  s t r u c t u r a l  buckling loads and modes a r e  oQtained by 
solving an equation of the form (K+E*G) *@=OR where R denotes the  
reduced elastic s t i f f n e s s  matrix, G is t h e  reduced geometric 
(stress s t i f f en ing )  matrix , E is the eigenvalue (critical 
loadcase factor) matrix, and 0 is the eigenvector (mode shape) 
matrix. The l i n e a r  bifurcat ion buckling mde shapes and the 
crit ical  loadcase fac tors  are calculated by t h e  BUCKLING 
processor. 

5.6-1 Problem Formulation 

The model-definit ion data sets required for performinq a 
buckling ( e l a s t i c  s t a b i l i t y )  analysis  a r e  as follows: 

a)  NODAL; -- see sec. 5-2.2 
b) BC (Boundary Condition) -- see sec. 5,2.3 
C )  STIFFNESS -- see secs, 5-2.4 and 5.2-5 
d) LOADS -- see sec, 5-4 

G e o m e t r i c  stiff ness calcula  Q ~ S  are provided only f o r  t h e  ROD, 
BEAM, PLATE, GPWlTE and BRI  ts described i n  
sect ion 5.2 4 .) Theref ore nt  types can be used 
i n  defining a s t r u c t u r a l  buckling analysis  is 
t o  be performed- 

t r u c t u r a l  model must be supported (c s t ra ined)  f r o m  any 
y motion, Those unconstrained nodal egrees af freedom 

t o  be represented e x p l i c i t l y  i n  t h e  ckllng equations are 
iden t i f i ed  as  retained freedoms i n  BC da ta  set ( U s e r ' s  
Manual; sec, 1 0 6 ) -  Generally, only a portion of t h e  t o t a l  number 



of unconstrained freedoms need be re ta ined  to  perform an accurate 
buckling analysis ,  provided tha t  they are carefu l ly  selected.  
Although t h e  maximum number of re ta ined  freedoms is l i m i t e d  t o  
approximately 400 by t h e  BUCKLING processor, it provides an 
e l a s t i c - s t a b i l i t y  ana lys i s  capabi l i ty  f o r  ' s m a l l  t o  intermediate 
s ized problems 

The reduced elastic s t i f f n e s s  matrix used i n  performing a 
buckling ana lys i s  is  generated from t h e  gross elastic s t i f f n e s s  
characteristics a t  the  unconstrained (FREE and KETAIN) nodal 
degrees of freedom, by fereducing out" the  FREE freedoms. 
Similarly,  t h e  reduced geometric s t i f f n e s s  matrix is  general ly  
created by using a reduction (s ta t ic  condensation) process t o  
"reduce outgB t h e  FREE freedoms f r o m  t h e  gross geometric 
stif fnesses at t he  unconstrained freedoms.. The l a t t e r  reduction 
process is performed most conveniently by executing the  CHOLESRY 
and MULTIPLY processors as described below, 

Ordering of the re ta ined  freedoms i n  a pa r t i cu la r  sequence is  
a BC data opt ion t h a t  allows for convenient " in t e rp re t a t ion  of t h e  
calculated mode shapes i n  analyzing s p e c i f i c  problems; t h e  i-th 
component of each mode-shape def ines  t h e  displacement of the  i - t h  
re ta ined freedom. Mode shape displacement components are 
calculated r e l a t i v e  t o  the analysis  reference frames specif ied 
for the re tained nodes by the W D A L  d a t a  set (see sec. 5.2.1) 

For a buckling analysis ,  the  following problem-solution s teps  
must be performed by including appropriate  ATIAS statements i n  
the execution-control deck: 

Calculate element stresses and the  reduced elastic 
s t i f f n e s s  matrix K ;  use of t h e  PEXFORM R-STRESS 
statement provides t h i s  (see sec. 6) I 

Calculate t h e  elemental geometric s t i f  fnesses by 
including an EXECUTE STIFFNESS statement i n  the  control  
deck. I n  t h i s  statement, t he  name of the loadcase is  
specif ied , together  w i t h  a buckling SET number (BSET) 
t h a t  is used to i den t i fy  the r e s u l t s ,  The geometric 
s t i f f n e s s e s  are a function of t h e  calculated stresses 
for t he  spec i f ied  loadcase ( U s e r g s  Manual; set- 2S2).  

A s s e m b l e  t he  gross geometric s t i f f n e s s  matrix p a r t i t i o n s  
associated w i t h  t h e  retained freedoms by using the XERGE 
processor ( U s e r * s  Manual; sec. 242) For example, 
EXECUTE MESGE; (GSTIFF,GR 7=41,GK12=72,GR22=22) 

Generate the reduced geometric s t i f f n e s s  matrix, G,  
using ATLAS execution-control statements of the 
following type: 
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EXECUTE CHOLESXV ( SOLVE, H 1 7 ,DBS ,K12) 
EXECUTE MULTIPLY (TEMP=[ GK11*DBS 1) 
EXECUTE MULTIPLY (G=[ GK22-DBS (T) *GK12-GK12 (T) *DBS+DBS (T) *TEMP 1) 

e) Request a buckling so lu t ion  by an EXECUTE BUCKLING 
statement. I n  t h i s  statement, t h e  names of t h e  elastic 
and geometric s t i f f n e s s  matrices (K and G) are 
specif ied,  together  w i t h  the  BSET number. Ushg  t h e  
NEIGS and NMODES parameters i d e n t i f i e s  how many 
eigenvalues and eigenvectors are t o  be calculated,  
Generally, only one eigenvalue (the smallest) is  of 
i n t e r e s t  when inves t iga t ing  elastic s t a b i l i t y -  In  this 
case, t he  Sturm-sequence method of ext rac t ing  
eigenvalues should Se used by including t h e  STURM key- 
word i n  the execution parameter list (User's ?rlanual; 
sec. 2081. 

The  buckling mode shapes and the  corresponding eigenvalues 
can be p r i n t e d  by including a PRINT OUTPUT(BUCKL1NG) statement i n  
the ATLAS execution-control deck (see sec. 6 and the U s e r  es 
Manual; sec, 208). The pr inted eigenvalues are those f a c t o r s  by 
which the  applied s t a t i c  loading is mult ipl ied t o  produce 
buckling (ice., the  loadcase f ac to r s  tha t  r e s u l t  i n  cr i t ical  
loahs) . 

Y o d a l  displacements can a lso be plotted using the  GRAPHICS 
postprocessor (see sec. 6 . 3 ) .  The modes are p lo t ted  as 
displacements of t h e  retained nodes included i n  a nodal subset. 
~n oraered nodal subset may be used t o  d isp lay  an associated 
g r id ;  re ta ined nodes i n  t h e  ordered nodal subset a r e  displayed in 
t h e i r  deformed posi t ions,  whereas other nodes are displayed i n  
their undeformed posi t ions.  N o d a l  subsets  are defined by input  
of a SUBSET DEFINITION data set ( U s e r a s  Manual; sec, 156). 

5.6.2 Solution Accuracy Checks 

T h r e e  numerical qua l i t y  checks of the eigensolution are 
performed automatically by t h e  BUCKLING processor * The r e s u l t s  
of these checks are pr inted automatically i n  the  ATLAS output 
f i l e .  

a )  Eiqenvector Orthoqonality Check -- A matrix is pr in ted  
t o  ind ica te  the s ta te  of orthogonality between each p a i r  
of requested eigenvectors (modes) e Poor othoqona 
(nonzero t e r m s )  usually ind ica t e s  that the  selected 
numerical method encountered d i f f i c u l t i e s  i n  performing 
an accurate so lu t ion  a 

b) Ey_uilibrium - Check -- Each calculated eisenvalue and 
associated eigenvector axe subs t i t u t ed  i n t o  the o r ig ina l  
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buckling equations. 
r e s idua l  vectors  f r o m  a n u l l  vector are printed f o r  use 
as a measure of the v a l i d i t y  of the eigensolution. 

Deviations of t h e  r e su l t i ng  

c) Ill-Conditioning Check -- The eigenproblem is solved by 
reducing it t o  t h e  standard form D*@=E*4. U s i n g  the D 
matrix, the i l l -condi t ioning check is performed in the 
following s t e p s  : 

3 -  The U N ~ ~ w  of t h e  D matrix is  calculated.  Absolute 
values of the  elements i n  the i - t h  row of t h i s  
matrix are sumed t o  form s ( i ) ;  i= l ,  n, and t h e  
maximum s f i t  is  defined as the 

2.. The absolute value of the i-th calculated 
eigenvalue q ( i )  is compared t o  the 'tcutoffw value 
defined as ( N o r i n * l O - l ~ ) .  If q ( i )  is smaller, it is 
automatically set t o  zero and a diagnostic message 
i s  printed.  

A zero eigenvalue is an adequate i nd ica to r  that 'an error 
e x i s t s  i n  t h e  mathematical model which should be 
corrected for  reanalysis.  

5-7 VIBRATION ( U s e r t s  Manual; Sec. 258) 

Normal m o d e s  of s t r u c t u r a l  v ib ra t ion  are obtained by solving 
an equation of the form (K-E*%) W = O ,  where R denotes the reduced 
s t r u c t u r a l  s t i f f n e s s  matrix, M is the reduced mass matrix 
( i n e r t i a  forces)  8 E i s  the eigenvalue (frequency-dependent) 
matrix, and (0 is the eigenvector (mode shape) matrix. 
Optionally, the equation can fie formulated i n  t e r m s  of the 
s t r u c t u r a l  f l e x i b i l i t y  matrix instead of the s t i f f n e s s  matrix. 
The undamped mode shapes, frequencies, generalize'd mass and 
generalized s t i f f n e s s  are calculated by the VIBRATION processor 

5.7.1 -_I_. Problem Formulation 

vibrat ion analysis are as follows (see table 5-1) : 
The moael-definition data sets required f o r  performing a 

a) NODAL -- see sec. 5 - 2 - 2  
b) BC (Boundary Condition) -- see sec,  5.2-3 
C )  STIFFNESS -- see secs. 5.2.4 and 5.2.5 
a) . w s  -- see sec, 5.3 

T h e  structural rncxiel can be supported (constrained) frm any 
rigid body mocion o r  it can be free to assume one t o  s i x  r iqid  
boay modes of vibrat ion.  Those unconstrained nodal degrees of 
freedom t o  be represented explicitly i n  the  equations of m t i o n  
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a r e  i d e n t i f i e d  as retained freedoms i n  the BC data set ( U s e r a s  
Mclnual; sec. 106) .  

The reduced s t i f f n e s s  and mass matrices used i n  performing a 
v ibra t ion  ana lys i s  are generated f rom the gross  structural  
s t iff  ness and mass characteristics a t  the unconstraineu (FREE and 
H&TAIN) nodal degrees of freedom, by Veducing outgB the FREE 
freedoms, The m a s s  matrix can be diagonal ( m a s s  OPTION=2) I non- 
diulgortal (mass OPTION=3), or a Guyan reduced matrix (mass 
OPl'IfON=4) as described i n  sec t ion  5 -3.5, A c c u r a t e  v ibra t ion  
a n d y s e s  are general ly  performed by r e t a in ing  only a portion of 
the t o t a l  number of unconstrained freedoms, 

Ordering of the re ta ined  freedoms i n  a p a r t i c u l a r  sequence is  
a bC data  opt ion tha t  allows for convenient use and 
i n t e rp re t a t ion  of t h e  calculated mode shapes i n  analyzinq 
specific dynaqic problems; t h e  i - t h  component of each mode-shape 
defines the  displacement of t he  i - t h  re ta ined  freedom, Mode 
shape displacement components are calculated r e l a t i v e  t o  the  
ana lys i s  reference frames spec i f ied  f o r  the  retained,nodes by t h e  
NOT;N; data set (see sec, 5.2.1).  

Norxidl m o d e s  of v ibra t ion  are calculated by including an 
LXKLJTE VIhKATI3N statement i n  the  execution-control ueck (See 
sec ,  6 arid the  U s e r ' s  Manual; sec. 258). I n  t h i s  statement, t he  
names of t he  mass matrix and the s t i f f n e s s  (or f l e x i b i l i t y )  
matrix are spec i f iedr  together w i t h  a v ibra t ion  SET number (VSET) 
t h a t  i s  used t o  i d e n t i f y  the r e s u l t s  (see the example problem i n  
sec.  8.4). This statement causes an eigensolution t o  be 
perfonned t o  obta in  the na tura l  frequencies and normal modes of 
v ibra t ion ,  together w i t h  matrices of generalized mass and 
stiffness corresponding t o  the modes.. The generalized matrices 
can be l i r n i t e d  i n  s i z e  by discarding higher frequency eigenvalues 
ana eigenvectors using the NFlteQS and NMUDES parameters.. If  the  
vibrat ion modes are t o  be in te rpola ted  for  purposes of obtaining 
displacements a t  points o ther  than s t r u c t u r a l  nodes (e-g. , 
aerodynamic cont ro l  po in ts  and planform boundaries) e one or more 
modal subsets  must be requested using the  SUBSETS parameter. 

If a s ingular  s t i f f n e s s  matrix is used, one o r  more zero 
eigenvalues are calculated,  The associated eigenvectors obtained 
by VIBRATILOiq will be s o m e  combination of r igid body t r a n s l a t i o n  
and ro ta t ion .  Although these eigenvectors are per fec t ly  
acceptable and correct, it may be desirable t o  replace them w i t h  
known r i g i d  motions of the s t ruc ture .  Several options are 
ava i lab le  for  performing this s u b s t i t u t i o n  (the URBM, PRBMr and 
THBM execution parameters). Through proper subs t i tu t ion ,  t he  
r e su l t i ng  modes w i l l  be orthogonal t o  t h e  o r ig ina l  e l a s t i c  modes. 
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The matrices generated by t h e  VIBRATION processor can be 
printed by including a P R I N T  OUTPUT(V1BRhTION) statement i n  the 
ATLAS execution-control deck. Modal displacements can also be 
p lo t ted  usiny t h e  GRAPHICS postprocessor (see see. 6 . 3 )  - The 
nocies are p lo t t ed  as  displacements of the  r e t a ined  nodes included 
i n  
aisplay an agsociated g r id ;  re ta ined  noues i n  the ordered nodal 
subset  are displayed i n  t he i r  deformed posit ions,  whereas other 
nodes are displayed i n  their undefomed posit ions.  Nodal subsets  
are defined by input of a SUBSET DEFINITION data set ( U s e r * s  
!%anal;  sec. 156) .  

nodal subset, An ordered noual subset  may be used t o  

5.7.2 Solution Accuracy Checks 

Three numerical q u a l i t y  checks of the  eigensolution are 
;3erforined automatically by the  BUCKLING processor The r e s u l t s  

checks are pr in ted  autornatically i n  the ATLAS output 

Eiqenvector ilrthogonality Check -- A matrix is pr in ted  
t o  ind ica te  t h e  state of orthogonality between each p a i r  
of requested eigenvectors (modes). Poor orthogonality 
(nonzero t e r m s )  usual ly  inaicates  t h a t  t h e  selected 
numerical method encountered clikEiculties in performing 
dn accurate solut ion.  

Equilibrium Check -- Each calculated eigenvalue and 
associated eigenvector are subs t i t u t ed  i n t o  the  o r iq ina l  
equations of motion, Deviations of the r e su l t i nq  
residual vectors  f r o m  a n u l l  vector are printed for use 
as a measure of the v a l i d i t y  of tne eigensolution. 

- 111-Conditioninq Check -- The eigenproblem is solved by 
reducing it t o  the standard form D*cp=E+d. Using the  D 
matrix, t h e  i l l -condi t ioning check i s  performed i n  the  
following s t eps  : 

1. The *lNorItitB or the D matrix is calculated.  Absolute 
values of the  elements i n  the i - t h  row of t h i s  
ma t r ix  are surnmed t o  form s(i) ; i=l, n, and the 
maximuxi s (i) is defined as  the "Norm". 

2 .  The  absolute value of t h e  i - th  calculated 
eigenvalue y ( i )  is compared t o  the Yxtoff t i  value 
defined as (Norm*70-22). I f  q ( i )  is smaller, it is 
automatically set t o  zero and a diagnost ic  message 
is printed. 

This numerical check is based on the r a t iona le  t h a t  i f  
round-of f errors have introduced suhs t an t i a l  error i n  
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t h e  s m a l l  eigenvalues, t h e  eigenproblem is  ill- 
conditioned and the mathematical model should be 
corrected f o r  reana lys is -  Generally, the smaller 
eigenvalues are of primary i n t e r e s t ,  It should be noted 
that  zero eigenvalues (frequencies1 are produced for any 
rigid-body m o d e s  inherent  t o  a free or p a r t i a l l y  
constrained s t r u c t u r a l  model Any addi t iona l  zero 
eigenvalues, however, c l e a r l y  ind ica t e  t h a t  an error 
e x i s t s  i n  t h e  mathematical model. 

5 - 8  FLUTTER 

F l u t t e r  speeds and damping characteristics can be obtained 
f o r  a s t r u c t u r e  moving through a f l u i d  by solving an equation of 
motion of t h e  form 

where Q represents  t h e  o s c i l l a t o r y  aerodynamic or hydrodynamic 
forces experienced by t h e  s t r u c t u r e  a t  a reduced frequency k and 
Mach number %. 
t o  t he  freestream veloc i ty ,  V, by the expression k=wb/V, where w 
i s  the c i r c u l a r  frequency of o s c i l l a t i o n  and b is a reference 
length. 

t h a t  represents  the i n e r t i a  proper t ies  of the s t ruc ture ,  a 
s t i t f n e s s  matrix that represents  t h e  s t i f f n e s s  propert ies  of the  
s t ruc tu re ,  and a set of a i r f o r c e  inatrices that represent the 
aeroaynarnic forces  ac t ing  on the s t r u c t u r e  as it oscil lates a t  
constant amplitude w h i l e  moving through a f l u i d  a t  constant 
veloci ty  .I 

The reduced frequency of o s c i l l a t i o n  is r e l a t e d  

The f i u t t e r  equation i s  formed by ca lcu la t ing  a m a s s  matrix 

5.8.1 Problem Formulation 

The f l u t t e r  equation can be formed according t o  any of 
severa l  theoretical approaches by using d i f f e r e n t  sequences of 
ATLAS execution-control statements, Consequently, the following 
discussion r e f e r s  both t o  input  data €or the ATLAS preprocessors, 
and t o  data t h a t  are input  by t h e  execution-control statements 
described i n  sec t ion  6 .  Reference should also be made t o  the 
example problem i n  section 8.5. 

5e8.1.? Forming the F l u t t e r  Zqyation - B a s i c  Approach 

The  most commonly used method of forming Ule  f l u t t e r  equation 
requires the following s t eps  t o  be performed, 

a )  Form the  nass and s t i f f n e s s  (or f l e x i b i l i t y )  matrices 
representing the s t r u c t u r a l  p roper t ies  i n  physical 
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coordinates. 
conveniently by using the standard A T U S  execution- 
control  procedures described i n  sec t ion  6 ,  

These operations are performed m o s t  

b) Calculate the normal modes of vibrat ion i n  still  air, 
eliminating higher-f reqyency modes that are unl ikely t o  
contr ibute  s ign i f i can t ly  t o  the flutter speeds of 
i n t e r e s t .  The selected mode shapes, [a], are used as 
generalized coordinates for which a generalized mass 
matrix and s t i f f n e s s  matrix are calculated by t h e  
VIBRATION processor (see sec. 5.7) .. 

c) In te rpola te  displacements cons t i tu t ing  the generalized 
coordinates f r o m  t h e  retained s t ruc tu ra l  nodes t o  the 
aerodynamic cont ro l  points  per ta in ing  t o  t h e  selected 
aerodynamic theory by using t h e  INTERPOLATION processor 
(see sec. 5-8.2). 

d) Calculate matrices of generalized a i r fo rces  for a number 
of discrete reduced frequencies. Several theoretical 
approaches a r e  provided by t h e  ATLAS aerodynamics 
processors as  described fu r the r  i n  section 5-8.3, 
Namely ,  these capab i l i t i e s  are as follows: 

1) AF1 -- Modified s t r i p  theory 
2 )  DUBLAT -- Doublet l a t t i ce  theory 
3) RH03 -- Assumed pressure modes 
4) MACHBOX-- Supersonic Mach-Box theory 

e) Interpolate the generalized a i r f o r c e s  w i t h  respect  t o  
reduced frequency t o  obtain a la rger  number of 
generalized airforce matrices using the ADDINT processor 
(see sec. S . 8 . S ) .  

the f l u t t e r  equatian by introducing s t r u c t u r a l  damping, 
by fur ther  eliminating generalized coordinates, and by 
defining t h e  f l u i d  density '  us ing t h e  FLUTTER processor 
(see  sec, 5 . 8 . 6 ) .  

f )  Modify the generalized m a s s  and s t i f fness  matrices i n  

The flutter equation i s  then solved a t  each reduced frequency, 
and t h e  speeds a t  w h i c h  f l u t t e r  occurs a r e  determined, 

5.8.1-2 Forming the F l u t t e r  wuat ion  - Alternat ive Approaches 

Alternat ive methods of forming the f l u t t e r  equation, which 
are variations of the  foregoing basic metiAod, are outlined below, 
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Variat ion 1: 

The f l e x i b i l i t y  e f f e c t s  of the higher-frequency vibrat ion 
modes t h a t  are not included i n  the  set of generalized coordinates 
can be included i n  t h e  generalized a i r fo rces  try using the  
following sequence of s t eps ,  

Calculate t h e  normal modes of vibrat ion,  and the 
generalized m a s s  and generalized s t i f f n e s s ,  having 
eliminated the  higher-frequency modes that are unl ike ly  
t o  contr ibute  s ign i f i can t ly  t o  the f l u t t e r  speeds of 
i n t e r e s t  by using the VIBRATION processor (see sec, 
5.7). 

Generate aerodynamic influence coef f ic ien ts ,  AICs, 
representing the aerodynamic force on a retained 
s t r u c t u r a l  freedom due to a u n i t  displacement of another 
re ta ined s t r u c t u r a l  freedom. T h i s  funct ion is  performed 
by using the  INTERPOLATION processor plus  one of the 
following processors : AF1, DUBLAT, MACHBOX,, or RH03. 

Generate general ized a i r forces  t h a t  include the 
f l e x i b i l i t y  e f f e c t s  of the  truncated m o d e s  using t h e  
FLEXAIR processor (see sec. 5 . 8  e 4) . 
In te rpola te  the generalized a i r f o r c e s  as  before, using 
t h e  ADDINT processor (see sec. 5.8 -5)  

The f l u t t e r  equation should no t  be modified p r i o r  t o  its 
solut ion.  

- Variation 2: 

If su i t ab le  A I C  matrices are ava i lab le  fram a p r io r  analysis ,  
they may be reused by executing s teps  (a) , (c), (a), and (e) of 
var ia t ion  1. 

Variation 3: 

I f  the normal modes of vibrat ion [ @ R  3 and generalized 
a i r force  matrices [QR.] f o r  a reference analysis  are avai lable ,  
[ Q R  f can be used as ;reference modes i n  the so lu t ion  of a c losely 
re la ted  p r o D l e m  by doing t h e  following. 

a )  Fora t h e  mass and s t i f f n e s s  (or  f l e x i b i l i t y )  matrices, 
f m j and [kp], representing t h e  structural propert ies  i n  
physical coordinates. These operations are performed 
most conveniently by usinq t h e  standard ATLAS execution- 
control procedures described i n  sect ion 6 ,  
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b) Form the  generalized mass and s t i f f n e s s  matrices using 

and use [ Q 1 as the generalized airforces .  

Variation 4: 

The  f l u t t e r  equatfon can be formed d i r e c t l y  using the 
s t r u c t u r a l  mass and s t i f f n e s s  matrices, and t h e  A I C  matrices, 
provided that the  matrices are no t  pa r t i t i oned  and they are 
wr i t ten  i n  formats t h a t  are acceptable t o  the FLUTTER processor. 
This var ia t ion  generally requires s o m e  SNARK s t a t emen t s  i n  the 
ATLAS execution-control deck. 

5 -8.1.3 Rest r ic t ions  on the Struc tura l  Model 

Regardless of the method used t o  create t h e  f l u t t e r  equations 
of motion, c e r t a i n  conditions must be satisfied.  1 

a) The GLOBAL X-axis must be p a r a l l e l  t o  the freestream 
a i r ec t ion .  

a) The ana lys i s  frames of the  re ta ined  nodes must be 
oriented such t h a t  t h e i r  x-axes are p a r a l l e l  t o  the 
freestream direction. 

c)  A t  l e a s t  one Subset of nodes must be defined by the 
SUBSET DEFINITION data set  ( U s e r ' s  Manual; sec. 156) f o r  
in te rpola t ing  the Inode shapes. 

d) All nodal subsets  t o  be used in INTERPOLATION must be 
processed by the VIBRATION processor. ' 

5.8-2 Modal Interpolat ion 

Several methods are ava i lab le  for obtaining m o d a l  
displacements a t  a general  set of points.  The methods can be 
cast in to  t w o  groups: those t h a t  i n t e rpo la t e  ex i s t ing  modes of 
vibrat ion and those t h a t  generate displacements d i r ec t ly .  Both 
groups are provided a s  options by the INTERPOLATION processor 
(User's Manual; sec. 232) 

The ;[i?TERPOLkTION processor performs the f i r s t  stage of t h e  
interpolat ion process. It  uses nodal subsets t o  def ine  t h e  input  
Doints and modal displacenents and t h e  exection-control 
;parameters a s  required for the se lec ted  in te rpola t ion  method. It 
is not u n t i l  l a te r  that t h e  output points  are defined and the 
interpolation process is  completed. I n  the case of in te rpola t ion  
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t o  aerodynamic control  pints, t h e  process is completed 
automatically during execution of 
processor. 

U S  aerodynamics 

N o  s i n g l e  m e t h o d  is s u i t a b l e  for performing a l l  types of 

XECUTE INTERPOlATION 
in te rpola t ion ,  ATLAS provides four  d i f f e r e n t  methods, each 
i d e n t i f i e d  by a unique key-word i n  the 
control  statement. 

a )  Surface Spline (SURFSPLINEL -- The in te rpola t ion  
function is based an the s m a l l  de€lect ion bending 
equation of a c i r cu la r ,  uniform- ickness, t h i n  p l a t e  of 
i n f i n i t e  radius, simply supporte along its periphery 
This method is  best su i t ed  when the input  points are 
coplanar and densely d i s t r i b u t e d  over -the region of 
in te rpola t ion ,  and when l i t t l e  extrapolat ion is 
involved. Only the  displacements normal t u  the plane 
defined by t h e  input  po in ts  are used, 

b) Cubic Spline O v e r  a Lattice of Curved Beams (BEAMSPLINE) 
A l a t t i ce  of coplanar beams is defined by plac,bg cubic 
curves through the nodes i n  t w o  or more subsets,  a f te r  
the nodes have been arranged i n  order of either 
increasing y or increasing z, A ubic curve is then 
f i t t e d  through the displacements efined on each beam, 
so that displacement as a function of distance along 
each beam is defined. If extrapolat ion is requested, 
l i n e a r  extrapolat ion of both the bea 
displacement curve bs performed, 
a line is  defined p a r a l l e l  t o  the x-axis through the 
output point  (or its pro jec t ion  onto the plane defined 
by the input points) e A ic carve is placed through 
the displacements as the e defined a t  the 
in t e r sec t ion  of t h i s  l i n e  and each beam, 

Fox each output point,  

T h i s  method is best su i ted  when 
input points is sparse,  or  when 
extrapolat ion is requ red- The results are dependent an 
t h e  beams selected an the ex l rapola t ion  options chosen, 
It is best t o  choose beams thae are as s t r a i g h t  as 
possible  and which do n o t  intersect, except a t  a common 
node, Only the displacements norm to the plane 
defined by t h e  input  po in ts  are us 

c) Cubic S p l i n e  resembles the 
BEAMSPLINE method except that  a s inq le  beam is defined 
and a l l  the  input  points n the b e a m .  
Extrapolation t o  and f r o m  near, i n  a 
d i rec t ion  t h a t  t h e  ser can cont ro l  throug 
parameter,. MOTION IS i s  usefu l  primarily 



input  points are almost co e displacements 
normal t o  the surface defined by the input  points and 
the x-axis a r e  used. Optionallyr the in-plane 
ro t a t iona l  d i sp lac  a l s o  be used, 

d) Linear Extrapolation ~ ~ O T ~ O N P T ~  -- he displacements a t  
a general po in t  are obtained by l i n e a r  extrapolat ion of 
the displacements a t  a s ing le  point. 

A l l  of t h e  interpolat ion methods requi re  that nodal subsets 
be defined by the SUBSET DEFI~LTION prep r~cesso r ,  and t h a t  those 
subsets  be processed by the VIBRIITIOM processor t o  obtain modal 
subsets. Those nodes included i n  the  nodal subsets should be 
selected carefu l ly  s ince  they W i l l  a f f e c t  t interpolat ion 
resu l t s .  

Two methods of generating displace e n t s  a r e  provided by the 
ILNTERPOLATION processor - 

a) - Surface Polynomials ~ P O L ~ O ~ ~ ~ )  -- The coef f ic ien ts  of 
f i f th-order  polynomials i n  the t ane c d r d i n a t e s  
are specif ied,  N o  s t r u c t u r a l  data of any kind are 
required if t h i s  option is used, 

b) Sinqle Freedom Displacements (ALC) -- This method 
enables AIC matrices t o  be generated by any of t h e  ATLAS 
aerodynamics processors * Each generated mode shape 
cons is t s  of a uni t  displacement of a s ingle  re ta ined 
freedom, Each execution of ILNTWOLATION involves two 
nodal subsets;  one t o  def ine t h e  nodal freedoms for 
which 18mdes@ are t o  be generated, t h e  o ther  t o  define 
which freedoms are t o  be subjected t o  a u n i t  
displacement, A 1 1  t he  n es i n  the second s 
be Included i n  t h e  first subset, The V;IBI;cATIQN 
processor need not be executed pr ior  t o  t h e  
INTERPOLATION processor on is  used, 

m-te AlCC key-wor may be used n conjunction w i t h  any of 
the in te rpola t ion  m e  ds described above, 
second s tage of i n t e  l a t i o n  is performed, 
displacement of a freedom r e s u l t s  i n  displacements at 
all output points.. 

5-0.3 Forces 

Calculation of the  aerodyn t o  complete t h e  

ts  are prepared 

equations of motion f o r  f l u t e e  esponse analyses 
requires t h a t  t h e  displacements a of the  
aerodynamic surfaces be defined, 
by the INTERPOLATION processo ate data f r o m  



t h e  preceding s t r u c t u r a l  analysis ;  the geoanetry is defined by the 
ATLAS aerodynamic input  data ch are independent of (though 
re la ted  to ,  of course) the ge t r y  data used in t h e  structural 
analysis. 
interpolated mode sh s a r e  associated with each aerodynamic 
surface, and t o  define various modif icat ims t o  t h e  theo re t i ca l ly  
derived aerodynamic results. 

The input data are a l s o  used t o  specify which 

Four d i f f e r e n t  aerodynamic theor ies  are provided by ATLAS, 

a) The st r ip- theory processor, AF1, is  best sui ted for high 
aspect-ratio surf aces i n  subsonic incompressible flow, 
where the  e f f e c t s  of chordwise f l e x i b i l i t y  are n o t  
s ign i f icant ,  Its primary advantage is t h a t  it is  
inexpensive t o  use; i ts  disadvantage is that it performs 
s a t i s f a c t o r i l y  on only a l imited set of aerodynamic 
configurations, 

each par t i cu la r ly  su i ted  t o  s p e c i f i c  types of problems. 

b) The double t - la t t ice  theory processor, DUE&AT, can be 
applied t o  general  multi-surface configurations in 
subsonic compressible flow, and can include the e f f e c t s  
of bodies of revolution, Its primary advantage is that 
it can be applied to a w i d e  v a r i e t y  of prObleIW3; its 
disadvantage is its cost. 

The pressure-modes theory processor, RH038 can be 
applied t o  a s ing le  main surface with optional t r a i l i n g  
edge control  surfaces i n  subsonic compressible flow. 
Its primary advantages are i ts  precise  treatment of 
s ingu la r i t i e s  occurring a t  planform discont inui t ies  and 
control  surface s ingu la r i t i e s ,  as w e l l  a s  its very 
accurate predict ion of pressure d is t r ibu t ions .  Its 
disadvantages a re  high cost, its i n a b i l i t y  t o  account 
f o r  multi-surface interference effec' ts ,  and its 
s e n s i t i v i t y  t o  t he  locat ion of in tegra t ion  (control) 
points I 

d) The Mach-Box theory pro HBOX, ca lcu la tes  t h e  
aerodynamic forces for ers grea ter  than one. 
It is expensive and exhibits poor accuracy, 

Each of the foregoing theor ies  is based on the  following set  
R assumptions that  m u s t  be considered when preparing the 

ATLAS input data and en in te rpre t ing  

a) The stream flow and analysis-fra x-axis are  i n  t h e  
GLOaAL X-direction. 



b) Either the analysis-franke y-axis or z-axis lies i n  the 
plane of t h e  surface,  

c) The modal displacements are i n  the  d i r ec t ion  mrmal to 
the surface. 

Since, i n  p rac t i ce ,  these assumptions can be only 
approximately satisfied due t o  camber, curvature and dihedral, it 
is  the u s e r r s  r e spons ib i l i t y  t o  ensure that they are su f f i c i en t ly  
w e l l  s a t i s f i e d  fo r  purposes of the analysis- 

normal t o  a surface i s  es tab l i shed  by t h e  order i n  which the 
geometry data f o r  t h e  aerodynamic surface are defined, As 
i l l u s t r a t e d  i n  figure 5-16, the  pos i t i ve  normal t o  a surface 
remains constant as the  l i n e  through ( Y e , Z 2 )  p a r a l l e l  to the x- 
ax i s  is moved on a path enc i r c l ing  point (Y1, Zll* 

For aerodynamics ana lys i s ,  t h e  d i r ec t ion  of t h e  outward 

POSITIVE NORMAL TO 
THE SURFACE 

i,, 

Figure 5-16. The Noma1 t o  an A e r o d y n a m i c  Surface 

I f  the  geometry of the aerodynamic model is symmetric about 
the  GLOBAL X-2 plane and t h e  v ibra t ion  modes are ava i lab le  f o r  
half of the s t ruc tu re ,  it is only necessary t o  def ine the 
aerodynamic surfaces for  t h a t  ha l f  of the  s t ruc tu re ,  The 
symnetry of the  mathematical model is spec i f ied  i n  the ATLAS 
execution-control statement used t o  execute the  selected 
aerodynamics processor 

The unique features of each ATLAS aerodynamics processor are 
described i n  the  following sec t ions ,  



5.8,3.7 AF7 ( U s e r %  Manual; sees. 104 and 204) 

The l i f i n g  surfaces are repesented a s  a set of s t r i p s  whose 
edges are parallel to the 4ZLCWIL X - a x i s ,  The stnips are defined 
on a surtace-by-surkace sis by specifying the leading edge and 
trailing edge of the surface the location or any control 
surfaces and tabs- The l i f t  at the guartex chord due to motion 
at the three quarter chord of each strip is obtained using 
Theodorsen*s coeltf icients (ref e 5-6) Three-dimensional efjtects 
are accommodated by using a static induction matrix, Thus, d set 
of generalized airforce matrices Q (k) for a set of reduced 
krequencies, k,  are calculated using 

where b,= reference length 
k = reduced frequency based upon br 

[ Q ,  R = 1 2 , 3  are mcomponent matricesn representing 
the noncirculatory contrributions to [ Q 3 

[ Q R  3# R = 4 , 5  represent the circulatory contributions 

sc JlDllata,jr, R = 1,2,3 
s X c ( k i )  X D  8 = 4,5 
vibration 

[ d y l  = diagonal matrix of strip widths 
[ S l  J = diagonal matrix kornned by 

multiplying the Local  quarter chord by the 
cosine of the local quarter chord sweep angle 

[ S ]  = s tat ic  lnduction matrix 
ID3 = matrix of oscillatory derivitives 

Ic(ki) 4 j = U I + J , I  -i (YrYn+Jt Jn] i=j  
I2  " ( y 1 3 Q ) a  

where J ( k i )  and Y functions of the first dnd 
second kind and kj= bik/'br 

Each of the foregoing maurices is ~ ~ t ~ ~ ~ o n e a  on the following 
bases : 

r ' h h  ' h a  'hB 'h.Y 
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wheie h corresponds t o  t r a n s l a t i o n  of t h e  reterence a x i s  normal 
t o  the  sur face  

a corresponds t o  the  rotation of the surface about the 
rotat ion-axis  component that is normal to the stream flow 
and which passes through the i n t e r sec t ion  of the re ference  
axis and s t r i p  center l ine ,  

(3 corresponds t o  the ro ta t ion  of a control  s u e a c e  about 
t h e  hinge-line component t ha t  is normal t o  the stream flow 
and which passes through t h e  intersection of the hinge 
l i n e  and the strip center l ine .  

y is as (3 ,  but  for a t ab  surface, 

Thus, [ $ 3  is of the  form 

where +y represents the appropri  e displaeemnt 02 the i - th  
s t r ip  in mode j . 

trip i ,  i = j 

"i j h h  f S ' i j u U  - - SIi jss  S s'iJyy = sij(3B = s 
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where C i  = the chord at the centerline of s t r i p  i 
Ai 

= the sweep of the quarter chord of s t r i p  i 

'mi = 5 %&out the axis, = (1/2 + aj)bj /bp 
dCL 

(i&. , the distance f r o m  %lie quarter chord to 
the motion axis) 

= s . .  = the % - j m  t e r m  in the static induction matrix 
ned i n  reference 5-9. ' i jhh ye! 

Al l  other partitions in I S  3, [S') and [dl are zero. 

' i  jah = dmi0 Si jhh 

Each partition i n  [DQ] is diagonal and is  a function of strip 
yeometry, based on the following quantities expressed as 
fractions of local semichord, positive in the aft direct ion 

I 

0.0 



r 

- 
-4vbbr -4~rb' bra 

- b a b 2  -4nb3 ( 1/8+a2) 

-4b2(T1-RT4) -4b3(2T13+RT24 I 
-46' (fl -m74 ) -4b ( 2T1 3+mT2 4 ) 

- 

4brm0 0.0 

0.0 0.0 

0.0 -4b(T12-2RTz o ) 

0.0 -4b(Trz-2m%o) 

-4brmo 4t, m (%-a) r o  

0.0 0.0 

0.0 0.0 

1 

0.0 

- 2mT1 ) 

0.0 

a = distdnce f r o m  the midchor-d t o  the motion axis 
C = distance from the midchord to the control 

d = distance from the midchord to the tab hinge-line 
R 

m = distance f r o m  the tab leading edge to the tab 

T K , K  = 1,.-ee29, are the Theodorsen control surkace 

suxface hingeline 

to the control surface hingefine 

hingeline 

T-functions as presented in reierence 5-8, 
except that T7 is obtained u s h g  the expression 
h ref- 5-6 (T denotes a tab T-function) 

YK, K = I , . .  .@L4, =e the Theodorsen Y-functions a s  defined 
in reference 5 - 8 -  

= distance from the control surface leading edge 
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The t e r m  mo is the l i f t  curve slope whose theoretical  value 
is 27~- In the expression far [Di] above. it is implied that the 
matrix partitions are diagonal, with an entry for each strip 
defined in the analysis. 

BmpiricaI Modifications 

substi tuting experimental data far calculated values i n  the 
mollowing different  ways : 

It is possible to m d i t y  the analysis performed by AFl by 

a) The terms in D4 and D5 may be replaced or scaled 

bf The %toa dist r ibut ion may be changed directly 

c) Experimental, steady-state lift dist r ibut ions nay be 

d) 

Options (a) and (b) require no further explanation, whereas 
options (e) and (a) are based on the premise that a wind tunnel 
test  has been performed fran which c C ~ ~ . a  is available, 

used t o  modify the theoret ical ly  derived 

Experimental moment dist r ibut ions may be used to  modify 
the location of the aerodynamic center 

I 

The theoretically derived lift distribution at k = 0 is  

I21 = 2PV*[ S J rmo J ( a )  = 2pV2C s'Jroljpol 

Substituting for the experimental lift distribution 

f c q a - a ]  = q s l r a i  

mere [S 3. is nonsingdar since [SI = C S ,  I-', and *ere IS, 3 
represents the downwash matrix, 
zero, the mo for that strip is i r A d e t e r m i n a t e  (and remains 
unchanged at 2vTT) .. Otherwige, m, is calculated as 

If a for any strip is equal t o  

A r k  exantple is used t o  illustrate how this substi tution i s  
applied i n  a complex case, Consider the aerodynamic idealization 
of an airplane w i t h  two engines illuscrated i n  figure 5-37- 
Suppose l i f t  disl ibutions on the wing and nacelles were obtained 
f r o m  a t e s t  in w h i c h  the configuration s pitched about the y- 
axis e 
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HORIZONTAL PLATE 

Figure 3-97. MI Aerodynamic Idealization 

Let subscript W denote a wing strip, H denote a horizontal 

Then, if a is the pitch angle, and c C ~ ~ e a  is the 
nacelle plate strip, and V denote a vertical nacelle plate  or 
strut  strip- 
measured l i f t  distribution E 

( m o l  = Csl ICCLa."l 

NOW a\= a cos6 , where 6 = d ihedra l  angle,  a,+= a , and aV = 0 .  

' + 4  

Note that, while the 

I I 

I I 

I I 

I I 
I 

I I 

1--------- 1------ ---------- 
I I 01-1 I 0 

I c 3 l o  

0 

0 s  
----------+---...----- 1- - - -- - 

- 

[SI ' CCCLa a) 

test iS not s u i t a b l e  for  obta in inq  mo fo r  
the vertical surfaces, those surtaces do af fect  the vaiues of mo 
f o r  the wing and horizontal surf aces. 

On occasion, only l i f t  distributions for the w i n g  are 
available, even though nacelles were present during the test. 
AF9 allows the theoretical values o x  c C ~ a ~ a  to be used for the 
missing values. The theoretical values are obtained for the 
surface in  question by assuming it to be isolated f r o m  the 
e f f ec t s  of other surfaces, 
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T h e  pi tching moment d i s t r ibu t ion ,  cdC /dC (where C is 
measured about the qua r t e r  chord) may be input  d i r e c t l y  t o  -1, 
These data are used t o  relocate t h e  aerodynamic cen te r  from t h e  
quar te r  chord t o  t h e  experimentally ined location, for 
ca lcu la t ing  the  o s c i l l a t o r y  sec t iona l  airforces, The following 
term is used t o  transform data from t h e  aerodynamic center  t o  the  
motion a x i s  

The modification opt ions should be used caut iously s ince  they 
can eas i ly  d isguise  defects i n  the  aerodynamic model and the 
selected method of so lu t ion ,  If the modifications are large o r  
contorted,  or i f  they change the ana lys i s  r e s u l t s  s ign i f i can t ly ,  
the o r i g i n a l  modeling technique should be modified accordingly. 

5,8.3,2 DUBLAT ( U s e r a s  Manual; sets, 116 and 216) I 

The l i f t i n g  surfaces  are represented as a set of t rapezoidal  
The boxes are boxes l w i t h  two edges paral le l  to the x-direction, 

defil led. OF a panel-by-panel basis, where each panel is a 
t rapezoidal  part of a l i f t i n g  surface,  The l i f t  a t  the  qua r t e r  
chord due t o  motion a t  the three quarter chord of each box is 
obtained using the doublet  la t t ice  theory described i n  reference 
5-9. The o s c i l l a t o r y  l i f t  on bodies of revolut ion may be 
included, and is based on l i f t i n g  body theory. In te r fe rence  
et f e c t s  are accommodated by "interference panels" t ha t  introduce 
addi t ional  boundary condi t ions ( i r e r ,  there is  no f l o w  through an 
in te r fe rence  panel) .  Thus, a set  of general ized airforces, 
Q ( k , X )  for a set of reduced frequencies ,  k, and Mach number M are 
calculated using 

n 

where n = 

f =  
kj = 

c p  = 
number of boxes 
pressure difference 
normal ~ i s ~ ~ a c ~ e ~ t  



Fox a problem involving l i f t ing  surfaces only, Cp(k,M) satisfies 
the expression lw(k,M) f = ED(k,M) 3 *[Cp(k,M) } 
where [ w l  represents the matrix olt downwashes, and where a 
typical element of [ D] is 

4n 
where 

K 1  = I, + k ( e  i k l u l  
R 

u i  = (MR - x o ) /  B2r 

k l  = W u ,  

OD 

i klu 
du e I 1  = 

(1  + U2)+ 
u1 

m 
ik lu  

('I + u 2 j F  
e 

I2 = 5 du 
u1 



and where xo, yo, z o ,  are the x, y ,  and z distances  from a point  
i n  t h e  sending box, m, t o  the receiving point,  n. 

References 5-9 and 5-10 contain t h e  der ivat ion of these 
equations, as well as the  equations governing s lender  body theory 
and in te r fe rence  effects. 

- Lmpirical Modifications 

T h e  equations presented above do no t  account for  the 
thickness of t h e  l i f t i n g  surfaces .  This thickness  causes t h e  
local velocity a t  a box t o  be d i f f e r e n t  f r o m  the freestream 
veloci ty .  The difference is called t h e  Welocity prof i lenf  which 
is a function of the planform shape, If  t he  ve loc i ty  p r o f i l e  is 
known, it can be used i n  DUBLAT t o  modify the freestream velocity 
used i n  der iving t h e  generalized a i r forces .  

The pressure d i s t r i b u t i o n s  generated by DUBLAT can be 
r,ioitified either by sca i ing  the ca lcu la ted  pressures  or by 
replacing then. If the rate of change of pressure measured 
era2irically is d i f f e r e n t  from t h a t  calculated by DUBLAT f o r  zero 
reauced frequency, scale f a c t o r s  can be deduced t h a t  w i l l  
ncoriecttt t h e  calculated pressures  for  a l l  reduced frequencies,  

These modification opt ions should be used caut iously s i n c e  
they  can eas i ly  disguise  defects in the  modeling techniques, I f  
t!le modifications are large or contor ted,  or i f  they change the 
analysis r e s u l t s  s ign i f icdnt ly ,  t he  o r i g i n a l  modeling technique 
shou ld  be investigated and revised. 
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-- Saving Quasi-Inverse Matrices 

am3 "invertingt* t h e  matrix [D] shown i n  the foregoing equations,  
This matrix is a funct ion of reduced frequency, Mach number, box 
d i s t r i b u t i o n  and symmetry, but  n o t  of the modal data. The 
B'inverted'B f D 1 matrices, known as quasi-inverse matrices, may be 
saved for reuse ., 

A large p a r t  of t h e  cost of DUBLAT is  spent  i n  ca lcu la t ing  

5.8.3.3 MACmOX (User*s Yanual; secs, 736 and 236) 

The following types of aerodynamic modeZs  can be analyzed by 

a) A s ing le  planar  surface (wing) with up t o  450 dihedral  

the MACHBOX supersonic o s c i l l a t o r y  aerodynamics processor 

measured from t he  GLOBAL X-Y plane 

b) Two planar  surfaces  (wing and t a i l )  with ver t ical  
separat ion and separate  dihedrals of up t o  450 placed so 
that only one surface ( ta i l )  is  influenced by Ohe other 
(wing1 

c) As b) except t h e  influenced surface ( t a i l )  lies i n  the 
GLOBAL X-Z plane a t  Y = 0 

A full account of t h e  t heo re t i ca l  basis for  MACHBOX is 
presented in reference 5-11, B a s i c a l l y ,  the l i f t i n g  surfaces are 
represented a s  a set of uniform rectangular  boxes whose chordwise 
dimensions are M2-1 t i m e s  t h e i r  spanwise dimensions, A set of 
generalized airforce matrices Q(k,M) is calculated for a set of 
reduced frequencies, k, using 

where A i  = ax- of box i 
n = numDer 02 boxes 
f = normal displacement 
~p = o s c i l l a t o r y  pressure difjterence 

and cp = vekocity potent ia l  as related t o  the upwdsh, 
W, through: 
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w h e r e  S denotes the  whole surface,  and 

, zo are the x l  y, and z distances  from a point  OR 
t he  surface t o  the  receiving point  at t h e  
center  of box i 

a = speed of sound 

B = $?-7 

By assuming the downwash is cons 
potential can be express 

I 

where the  veloci ty-potent ia l  inf luence coe f f i c i en t  C i j  is a 
function of the Mach number, reduced frequency and t h e  re la t ive 
locat ion and or i en ta t ion  of boxes i and j. 
calculated only once, bu t  may be used €or  any pair o f  boxes with 
the  same physical  o r ien ta t ion ,  The matrices o l  Cij can be savea 
for reuse i n  subsequent analyses. 

Cij need be 

The major drawbacks of t h e  Mach-Box approach are its high 
cos t l  and t h e  l a r g e  f luc tua t ion  i n  pressure d i s t r ibu t ions  t h a t  
r e s u l t  from imposing a g r i d  02 rectangular  boxes on a surface 
that has swept leading or t r a i l i n g  edges, The' magnitude of t h e  
f luc tua t ions  is not general ly  a f fec ted  by the  f ineness  of the  box 
grid,  thoush t h e i r  effect on the r e l i a b i l i t y  of generalized 
airlEorees is  usual ly  lessened by se l ec t ing  f i n e r  grids.. The 
t luc tua t ions  are least malign ach number is such tha t  
the Mach boxes i n t e r s e c t  -k e leading edge i n  a regular pat te rn ,  
and the t r a i l i n g  edge e f f e c t s  a r e  best represented when box 
centers  l i e  j u s t  ahead of t h e  t r a i l i n g  edge, The number of boxes 
should be chosen t o  g ive  as good a placement of boxes on t h e  t a i l  
as is cons is ten t  with meeting t h e  f i r s t  two  requirements. 

It is  poss ib le  t o  reduce the cost of performing an ana lys i s  
on configurations with small dihe ral angles by using the options 
DIHl and/or D I H 2 .  These key-words cause the inf luence of the 
l e f t  hand surface on t h e  r ight  hand sur face  t o  be calculated as 
i f  t h e  surfaces  w e r e  coplanar, thereby reducing t h e  cost of 
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ca lcu la t ion  by an order of magnitude withaut s ign i f i can t  loss of 
accuracy. A t  t h e  same t i m e ,  the e f f e c t  of dihedral  is included I 

when ca lcu la t ing  the  inf luence of the wing on t h e  t a i l .  

The user  can also t r ade  c o s t  aga ins t  accuracy by specifying 
the accuracy t o  which t h e  ve loc i ty  p o t e n t i a l  coe f f i c i en t s  are t o  
be calculated (AICTOL option] .  C o s t s  increase rapidly i f  an 
accuracy of less than one per  c e n t  is requested, and such gains  
i n  accuracy are probably i n s i g n i f i c a n t  i n  v i e w  of t h e  pressure 
f luc tua t ion  problem. 

The pressure f luc tua t ions  tend t o  be s e l f  canceling during 
calculat ion of t he  general ized a i r f o r c e s  (.- However, better 
behaved pressure d i s t r i b u t i o n s  can be obtained by using the 
subdivision opt ion (SUBD),  Broadly speaking, t h i s  option 
combines t h e  e f f e c t s  of many sending boxes i n t o  a s ing le  
receiving point ,  but tends t o  be qu i t e  expensive. 

The pressure f luc tua t ions  can also be reduced r e l a t i v e l y  
inexpensively by smoothing them using a least squares modeling 
method appl ied e i t h e r  t o  t h e  whole sur face  or t o  each chordwise 
s t r i p  of boxes ( S U R F I T  o r  CHORDFIT opt ion) .  It is questionable 
whether t h e r e  i s  any s ign i f i can t  e f f e c t  on the general ized forces  
when these modeling methods are used. 

Generally, f o r  those boxes c u t  by surface edges, the 
inkluence coe f f i c i en t s  are scaled automatical ly  by t h e  r a t io  of 
the box area ly ing  on the  planform to  t h e  t o t a l  area of t he  box. 
T h i s  scal ing can be inh ib i ted  by use of the  opt ion PLYWOOD. The 
e f f e c t  is equivalent  t o  using a planform ou t l ine  t h a t  is defined 
by a l l  Mach boxes whose centers  lie i n s i d e  t h e  planform. A 
measure of the  uncertainty of t h e  Mach-Box method can be 
ascer ta ined by comparincg t h e  r e s u l t s  obtained w i t h  and without 
this option. 

5.8-3.4 RHO3 ( U s e r @ s  Manual; secs. 150 and 250) 

RH03 can be used only &or a s i n g l e  m a h  surface w i t h  optional  
t rc t i l ing edge cont ro l  surfaces ,  N o  aerodynamic inf luence from 
any other sur face  or  body can be taken i n t o  account, It is 
intended t o  provide extremely accurate  pressure d i s t r i b u t i o n s  a t  
moderate cost., and is espec ia l ly  usefu l  i n  cases  where leading 
edge, s i d e  edge and cont ro l  sur face  boundary s i n g u l a r i t i e s  have a 
s ign i f i can t  e f f e c t  on t h e  aerodynamic forces ,  Singular i t ies** 
tha t  occur in t h e  po ten t i a l  flow approximation general ly  
correspond t o  l a rge  pressure changes i n  t he  real flow, t h a t  are 
of ten inadequately represented by box methods, 

The theoretical basis f o r  RHO3 is described i n  reference 5- 
12. The method ca lcu la tes  pressure d i s t r i b u t i o n s  as l i n e a r  
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cumbhaL3+ons of assumed pressure-mode functions that have been 
selected to zepres nant aspects of the pressure 
distribution. 

A set of generaliz xce ices [Q ~ k * M }  J is calculated 
for a set  of red=& f es 

where S = the surface 
f = normal displacement 
C p  = oscillatory Kessure diff:erence, 

The unknown oscillatory pressure itistribution is expressed as 
a linear combination of kn n functions, p j ( x e y )  (the assuraed 
pressure modes) : 

ere a j  are obtained from the ations 

a d  where K = the kernel function 
S = the surface 

i-th downwash point, and 
ces from the downwash. 

trailing ease s w e e p  angles 
certain areas that should 



Figure 5-18, Placement of RW03 Downwash Points 
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Empirical Xodif i ca t ions  

t h e  use of t h e  veloci ty  p r o f i l e  option, This permits the local 
veloci ty  a t  each control  point  t o  be used i n  place of the 
freestream veloci ty ,  

The effect  of planform thickness  can be accounted for  through 

Savinq C - M a t r i c e s  

Since a subs t an t i a l  p a r t  of t h e  RH03 execution cost is i n  
generating inf luence coef f ic ien t  matrices t h a t  are dependent only 
on planform shape, downwash point  locat ion,  reduced frequency and 
M a c h  number, they are saved automatically on the data  f i l e  
RH03RNF. They may be used to  reduce t h e  cost of subsequent 
analyses i n  w h i c h  t h e  same aerodynamic data a r e  used. 

5.8.4 Residual F l e x i b i l i t y  Effects  ( U s e r ' s  Manual; sec- 220) 

When nigher-f requency vibrat ion modes are eliminated i n  order 
t o  reduce the  s i z e  of t h e  generalized m a s s  and s t i f f n e s s  
matrices, corresponding s t r u c t u r a l  f l e x i b i l i t i e s  are also 
eliminated, It is possible  t o  account for t h a t  f l e x i b i l i t y  i n  
t he  f l u t t e r  equation by including it i n  the generalized a i r f o r c e  
m a t r i x .  The FLEXAIR processor performs this function. 

FLEXAIR uses the o r ig ina l  mass and s t i f f n e s s  matrices and the  
corresponding v ibra t ion  modes and generalized s t i f fnes s .  It  
requires  that  t h e  aerodynamic inf luence coef f ic ien ts  ( M C @ s )  be 
avai lzble  for a l l  s t r u c t u r a l  rreedoms that a r e  aerodynamically 
s ign i f i can t  (i.e., those associated with l i f t i n g  sur faces) .  Frm 
these data, FLEXAIR ca lcu la tes  a set of qeneralizeu airforces 
t h a t  resemble those from the  ATLAS aerodynamics processors except 
tha t  they are funct ions of a l t i t u d e ,  

FLEXAIR can be used t o  yenerate general ized a i r forces  from 
AIC's by s e t t i n g  the  execution-control parameter FLUTFREQ t o  
zero. 

5.b.S Combination and Interpolat ion of A i r f  orce Matrices 
( U s e r e s  Manual; sec. 202) 

The generalized a i r f o r c e  coefficients approximate simple, 
continuous funct ions of reduced frequency within the  range of 
reduced frequencies Used f o r  f l u t t e r  analysis .  
aerodynamic forces  a t  a large number of reduced frequencies are 
required €or ca lcu la t ing  accurate  f l u t t e r  speeds, Since the cost 
of obtaining these aerodynamic forces  i s  high, it is usual ly  
desirable  t o  ca lcu la te  a small  number (14) of them as a funct ion 
of reduced frequency, and then use in te rpola t ion  t o  obtain data  

Furthermore, 
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a t  a d d i t i o n a l  reduced f requencies  - The ADDINT processor performs 
t h i s  funct ion.  

The ADDINT processor can also be used t o  combine s e t s  of 
airforce matrices when, f o r  example, genera l ized  a i r f o r c e s  have 
been obtained s e p a r a t e l y  €or d i f f e r e n t  surf  aces by using 
d i f f e r e n t  ATLAS aerodynamic processors ,  The matrices as soc ia t ed  
with a c e r t a i n  reduced frequency a r e  simply added, Thus,  a l l  
matrices involved must be t h e  same s i z e  and m u s t  relate t o  t h e  
s a m e  set of modal da ta .  I f  AIC matrices are to be combined i n  
t h i s  way, each set must inc lude  rows and columns pe r t a in ing  t o  
a l l  the freedoms i n  the combined matrices. 

The ADDINT processor must always be executed p r i o r  t o  
executing t h e  FLUTTEX processor ,  

5.8.6 -- F l u t t e r  Analysis ( U s e r & s  Manual; secs, 122 and 222) 

The purpose of a f l u t t e r  ana lys i s  i s  to c a l c u l a t e  the 
s t r u c t u r a l  damping r equ i r ed  t o  produce n e u t r a l l y  stable , 
o s c i l l a t i o n s  of a s t r u c t u r e  dt a given speed, This is  achieved 
by genera t ing  and so lv ing  an  equat ion of motion of t h e  form 

[w2[M] - (l+ig+ig,)[K] + %pV’[Q]] I q l  = IO) 

w h e r e  

[PI] = m a s s  p r o p e r t i e s  of th‘e s t r u c t u r e  

[K] = s t i f f n e s s  p rope r t i e s  of the s t r u c t u r e  

[ Q (k, M) J = aerodynamic fo rces  r e s u l t i n g  f r o m  o s c i l l a t i o n s  
of t h e  s t r u c t u r e  

w = c i r c u l a r  frequency of o s c i l l a t i o n  

4 = f i c t i t i o u s  s t r u c t u r a l  damping ( p o s i t i v e  o r  negat ive)  
requi red  t o  produce cons t an t  amplitude o s c i l l a t i o n  

= a c t u a l  s t r u c t u r a l  damping e x i s t i n g  i n  each coord ina te  gi 

P = freestream dens i ty  

v = f reestream v e l o c i t y  

k = reduced frequency of o s c i l l a t i o n  ( b w f l )  

b = re ference  l eng th  



T h e  FLUTTER processor creates the f l u t t e r  equation of motion 
using previously-calculated U s e r  Matrices represent ing 
(generalized) mass an6 s t i f f n e s s ,  and the  (generalized) a i r f o r c e s  
generated by the ADDINT processor . 

T h e  equation of motion can be modified by changing ind iv idua l  
elements i n  the m a s s  and s t i f f n e s s  matrices, by adding s t r u c t u r a l  
damping coe f f i c i en t s ,  and by se l ec t ing  a subset  of the rows and 
columns i n  the input  matrices. 

T h e  densi ty ,  p , can be spec i f ied  i n  severa l  ways. I f  the 
a i r fo rce  matrices include the effects of residual f l e x i b i l i t y ,  
the a l t i t u d e  f o r  which they w e r e  included should be used i n  the 
f l u t t e r  ana lys i s  - Otherwise,  the  generalized a i r fo rces  are 
independent of a l t i t u d e  so that d i f f e r e n t  a l t i t u d e s  can be 
invest igated,  or a search for a Hmatched-point8g so lu t ion  can be 
perforned. I n  t h e  l a t t e r  case, FLUTTER performs a series of 
f l u t t e r  solut ions,  changing the a l t i t u d e  for each one t o  f ind t h e  
a l t i tuae a t  whicn the  lowest f l u t t e r  speed equals the freestream 
veloci ty .  I n  a l l  these cases, the densi ty  is calculafed using 
stanciara atwosphere equations.  If the standard atmosphere 
eyudtions dre not  appropriate ,  t h e  dens i ty  can be spec i f ied  
directly 

FLUTTER solves  t h e  equation of motion t o  obtain values of the  
required s t r u c t u r a l  damping and o s c i l l a t o r y  frequency for all 
vibra t ion  modes and f o r  each input  reduced frequency using 
Laguerxe i t e r a t i o n  as described i n  reference 5-13. This method 
pern i t s  the  eigenvalues of t h e  f l u t t e r  equation t o  be ca lcu la ted  
i n  the  same order  a t  each reduced frequency, thereby permit t ing 
f l u t t e r  speeds t o  be determined and p l o t s  of Weloci ty  vs . 
ddntpingpt and "veloci ty  vs frequencyB8 t o  be generated. Linear 
in te rpola t ion  i s  used t o  obtain f l u t t e r  speeds (i.e, speeds a t  
which the f i c t i t i o u s  s t r u c t u r a l  damping required for  neu t r a l  
s t a b i l i t y  equals zero, or up to t h ree  use r  spec i f ied  values) .  
Eigenvalues and ad jo in t  eigenvectors may be obtained a t  these  
f l u t t e r  speeds and a t  selected reduced frequencies.  V-g and V-f 
p lo t s  cdn be created by using t h e  GRAPHICS postprocessors (see 
sec. 6 . 3 )  e 

Lt i s  poss ib le  t o  a f f e c t  the cost and accuracy of t h e  f l u t t e r  
sa lu t ion  i n  severa l  ways. The cost of executing FLUTTER is 
l i n e a r l y  dependent on the number of reduced frequencies used, 
However, i f  t he  difference between two adjacent  reduced 
frequencies is too l a rge ,  the i t e r a t i o n  process may f a i l  t o  
ca lcu la te  t he  eigenvalues i n  a cons i s t en t  order, and spurious 
f l u t t e r  speeds mcly r e s u l t .  The accuracy at each reduced 
frequency can be improved by increasing t h e  nunber of i t e r a t i o n s  
used t o  ca l cu la t e  them a t  each reduced frequency, I n  prac t ice ,  
one i t e r a t i o n  i s  usual ly  s u f f i c i e n t  (the method automatical ly  
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uses several  i t e r a t i o n s  t o  f ind  the  so lu t ion  a t  t h e  first reduced 
frequency, and t h e r e a f t e r  each new so lu t ion  uses  t h e  la tes t  
solution as a s t a r t i n g  po in t ) .  I t  is preferable t o  increase t h e  
number of reduced frequencies r a the r  than  the  number of 
i t e r a t i o n s .  

The cost can also be reduced by specifying a t o  
l i m i t  t he  rdnge of velocities and frequencies a t  which f l u t t e r  
speeds &re generated. The so lu t ion  i s  performed only a t  the 
reduced frequencies which are within t he  range defined by upper 
and lower lizits on the  ve loc i ty  and frequency. The n W i n d ~ ~ m  
i e a t u r e  can a l s o  be used t o  avoid ca lcu la t ion  of r e s u l t s  which 
are of no i n t e r e s t ,  and to  increase t h e  r e l i a b i l i t y  of t h e  
matchecf point  search when many v ib ra t ion  modes experience 
i n s t a b i l i t i e s .  

5.9 SUBSTRUCTURED XODELS ( U s e r L s  Manual; secs. 130 and 230) 

Stress analyses and dynamic analyses  can be performed using 
ATLAS substructured models. Substructuring is  the procedure by 
w h i c h  the t o t a l  s t ruc tu re  is divided i n t o  separate par t s ,  each of 
which is idea l ized  separately i n  t h e  same manner as described 
previously for  an  A T U S  analysis  without substructuring, Each 
p a r t  is i d e n t i f i e d  by a substructure  number. When a l l  of the 
corrporkent substructures  are in te rac ted  ( joined together) , they 
2 0 x 1 ~  the total s t r u c t u r a l  m o d e l .  Merging the da ta  f o r  t h e  
substructures  anci performing the required so lu t ions  are performed 
most conveniently by u s h g  the  ATLAS execution-control procedures 
described i n  sect ion 6 ,  

U s e  of a substructured ana lys i s  approach is recommended when 
one or both of the following condi t ions e x i s t .  

a )  The  problem s i z e  i s  r e l a t i v e l y  large 

b) Parametric s tud ie s  or successive modifications of a 
r e l a t i v e l y  small and w e l l  defined part of the  t o t a l  
model are required.  

An ATLAS substructured analysis  can be represented 
schematically by a singly-connected tree diagram as  shown i n  
f i g u r e  5-19. Each node i n  t h e  diagram represwlts a substructure ,  
and each l i n e  represents how the  substructures  in t e rac t .  A 
maximum of 28 substructures  can be in te rac ted  simultaneously i n  
fcrrniincj the next higher-level substructure ,  There i s  no l i m i t  cm 
the number of levels  used t o  def ine t h e  i n t e r a c t  tree. A 
particular analysis, however, is l i m i t e d  t o  a maximum of 999 
substructures .  



Figure 5- 14.  A Substructured Model I n t e r a c t  Diagram 

The basic substructures  for which t h e  user  suppl ies  a l l  
s t ruc tu ra l ,  loads, Inass, and boundary condition data are 
referenced as  the  ' * l o w e s t  levelee substructures .  These basic data 
are defined i n  terms of SETS and STAGES i n  the usual  manner (see 
secs. 5.2, 5.3 and 5.4) - Eacn lowest level substructure  is 
dekined as  (equivalenced to) a SET and STAGE in t h e  INTERACT data 
set.  The s i z e  l imi t a t ion  f o r  each substructure  is, therefore, 
the  sane ds for a SET; viz. 4095 nodes and 32 767 elements, When 
defining an i n t e r a c t  tree, t w o  o r  mre of the  lowest level 
substructures  are merged t o  fonn the  next  higher l e v e l  
substructure ,  T h i s  process is continued u n t i l  a l l  of t h e  
substructure  components are merged into a s ing le  substructure  
t h a t  is  referenced as the highest  l eve l  substructure ,  An example 
substructured model i s  i l l u s t r a t e d  i n  f i gu re  5-20. Exaqple 
problems are also presentea i n  sec t ions  8 - 6  and 8 . 7 ,  

Detai led  descr ipt ions of the ATLAS substructure  INTERACT data 
and analys is  procedures are presented i n  s ec t ion  130 of t h e  
User s Manual. 

5.9.1 Substructured Stress Analysis 

For  a substructured stress analys is ,  the elemental 
s t i f f n e s s e s  and nodal loads are merged at the lowest leve l .  
Ttese matrices are reduced according to the  s p e c i f i e d  INTERACT 
data8 2nd are then merged t o  form the next higher l eve l  
substructure .  Reduced matrices f o r  a substructure  correspond t o  
the "retained" freedoms for  t h a t  substructure ,  as specif  iecl by 
the boundary condition data. T h e  higher-level substructures  are 
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S18R( UPPR) 
S18R( LUR) 

9 B.S. 2104-2278 , 

10 B.S. 1350 BULKHEAD 

12 E.S. 1480 BULMEAD 
13 E.S. 840-1350 WING/BODY 

11 B.S. 1350-1480 

( a )  Substructure Arrangement 

( b )  Detai Is of Substructured Model 
TOTAL MODEL 

0 13 substructures 
0 8628 nodes 
0 13 751 elements 
0 218 loadcases 

(c)  Substructure Interact Diagram 
Figure 5-20. Example Substructured Model 
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represented s t r i c t l y  by t he i r  nodes and reduc matrices, No 
s t r u c t u r a l  elements or loads are associated e l i c i t l y  with t h e m .  

(displacement calculat ions are generated d a r i n g  the reduction 
process for each substructuree The merge-reduction process is  
continued until t h e  highest substructure  is reached, The 
r e s u l t h g  in te rac t ion  equations for t h e  highest  substructure are 
then solved t o  determine its interfaced nocia1 displacements for 
a l l  loadcases, These in t e r f ace  displacements are then 
par t i t ioned i n t o  matrices associate6 w i t h  the retained freedoms 
for each of the  substructures that i n t e r a c t  i n  forming t h e  
highest  substructure.  Back-substitution is performed using these 
part i t ioned displacement matrices t o  obtain a total  set of nodal 
displacements for the component substructures This p a r t i t i o n  
and back-substitution process is repeated u n t i l  a l l  lowest l eve l  
substructures a r e  reached, The STIUSS processor can then be 
executed for each of t h e  lowest level substructures t o  ca l cu la t e  
element stresses. 

Those data  matrices required for back-substitution 

5-9.2 Substructured Vibration Analysis I 

A suustructured vibrat ion ana lys i s  follows a somewhat 
d i f f e r e n t  course than tha t  used for  a stress analysis. St i f fnes s  
matrices for  t h e  substructures are merged and reduced in the same 
manner as for a stress ana lys i s ,  Loads matrices, however, are 
not required f o r  a v ib ra t ion  analysis ,  Instead, mass matrices 
are merged and reduced according t o  t h e  selected options 
avai lable  a t  t h e  lowest l eve l  of the i n t e r a c t  tree, The options 
are as follows: 

a)  Compute d i r e c t l y  either the diagonal o r  the non-diagonal 
reduced m a s s  matrix for a substructure by execution of 
the MASS processor (Xass OPTILOM=2 d OPTION=3 described 
i n  seec 5-3-5) - 

b) Perform a Guyan reduction on the gross mass matrix for a 
substructure t o  generate its reduced m a s s  matrix (Mass 
QPTION=4). 

mass matrices &or the intenne ate and highest  

rocess Option the reduc s matrix for the 
s t ruc tu re  can b computed dire y executing the 

leve l  substructures i i re  ob ained through e and Guyan 

M A S S  processor w i t h  OPTU&J=2 or QpTICOpJ=3, 

The merge-reduce process for each er leve l  substructure 
is continued u n t i l  reduced s - t i f rness  a ss matrices are 
generated fo r  t h e  highest substructure is substxucture i s  
iden t i f i ed  by a s t zuc tu ra l  ma e l  SET number i n  the XLVT-CT data. 



Vibration modes are then calculated for t h i s  SET by executing the 
VI.BRATlON processor i n  the usual m a n n e r  (see sec. 5.7) - 
5 -9.3 Automated Interact ion C r i t e r i a  

The f a c i l i t y  for automatically detecting and re taining those 
freedoms that i n t e r a c t  between the d i f f e ren t  substructures is 
provided by the  INTERACT preprocessor, 

The basic approach used by ATLAS is t h a t  1) whenever t w o  
nodes from d i f f e ren t  substructures l i e  within the user-specified 
distance tolerance of each other and have the same analysis 
frame, they are assumed t o  interact. The corresponding ac t ive  
freedoms t h a t  a r e  e i t h e r  **freeM or  %etairedam for  both nodes are 
regarded as the  interact ing freedom for those nodes.. The 
boundary conditions for  these freedoms are automatically set t o  
RE'I'AIN. I f  the UNIQUE NODE NUMBERS data record is specified i n  
the INTERACT data, t h e  user-assigned numbers of the interact ing 
nocies must be i d e n t i c a l  i n  addition t o  the foregoing cri teria;  2) 
whenever t w o  nodes w i t h  in teract ing freedoms are found, they are 
represented by d single node in tire next  higher l eve l  
substructure, Those freedoms i n  a lower level substruckure that  
i n t e rac t  (and hence are retained) are assigned t h e  FREE a c t i v i t y  
label at the next higher level.  

' 

T h i s  feature re l ieves  the  burden on the user  of manually 
compiling lists of in te rac t ing  freedoms and their  substructure 
correspondence. It  also provides an independent check of t h e  
geometry def in i t ion  of substructure interfaces ,  

The following information is per t inent  when using the 
automatic in te rac t ion  c r i t e r i a .  

a)  U s e r  Specified Tolerance -- When a distance tolerance 
between interact inq node locations is not specified, t h e  
defaul t  value is IO-. units .  The selected tolerance 
must be less than .&e shor t e s t  dis tance between any of 
the nodes i n  a substructure, t ha t  are t u  in t e rac t ,  
Otherwise, t h e  wrong nodes may g e t  interacted (lumped 
together) a t  a substruct e interface, 

b) Freedom Activity' -- Unly the active freedoms that a re  
either free or r e t a ined  for an i ~ ~ ~ r a ~ t ~ ~ ~  node are 
actual ly  interacted. 
is available only after S processor is 
executed- The I N r n A C T  is theref ore#  
designed t o  follow one of 

1. If the STIF ESS processor is not executed pr ior  t o  
reading t h e  INTERACT data. a l l  freedoms are assumed 

The freedom a c t i v i t y  information 



t o  be 'Lactivets (i-e., have nonzero s t i f fnes s ) .  A l l  
common fLfreem or '*retainedm freedoms are assumed t o  
in te rac t ,  and are tagged as ?retained@ freedoms. 

2 . If t h e  STIFFNESS processor is executed pr ior  to 
reading the INTERACT data, the proper ac t iv i ty  of 
each freedom is taken i n t o  account. Only t h e  
common %reen or  "retained" active freedcans are 
assumed t o  in t e rac t ,  and are tagged as *retained@ 
freedoms 

Pa th  ( 2 )  ensures t h a t  no inactive freedom is retained and 
thereby, it avoids encountering s ingu la r i t i e s  i n  solving t h e  
interact ion equations- This danger exists i f  path (1) is 
followed, unless the user has supported a l l  inactive freedoms 
i n  t h e  basic BC data fo r  the interact ing substructures, It 
is, therefore,  recommended that path ( 2 )  be followed. 

Suppression of Automatic Interact ion 

The  automatic interact ion feature can De suppressed byginput of 
t h e  @NO GEOMETRIC RETAINS% INTERACT data  record, I n  this case, 
the program does not generate the substructure connectivity. The 
interact ing freedoms information and the or ig ina l  boundary 
conditions, as supplied by the user, remain e f fec t ive ,  

The user has t h e  option of l e t t i n g  the program generate the 
geometric re ta ins ,  and then overriding those data by manually 
supplying the  desired boundary conditions using t h e  93C CHANGE" 
INTl3RAC.P data. 

Trea tment  of Non-Interactinq Retained Freedoms 

A n y  nodes that  do not interact  but have one or ,more Wretainedw 
freedoms are included i n  the  next higher substructure, The 
retained freedoms t h a t  do not interact i n  forming a higher level 
substructure remain as retained freedoms i n  that higher 
substructure, 

c) Use of W N I Q U E  NODE MUMBERS1@ -- It is not mandatory t h a t  
the user ident i f ica t ion  numbers of the  interact ing nodes 
be ident ica l ,  However, the user can optionally impose 
t h i s  restriction by including the UNXQUE NODE NUMBERS 
data record i n  the INTERACT data s e t ,  T h i s  o f f e r s  the 
advantage of being able t o  ident i fy  a node in any 
substructure (the total  model) by its unique number, 
This fea ture  is useful i n  specifying BC CHANGE data and 
i n  defining subsets of nodes for the SET corresponding 
t o  the  highest level substructure, Node subsets, for 
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example, are generally required for subsequent vibration 
analysis  of the highest level substructure, 

5 -9.4 Treatment of Loadcases 

A l l  loadcase l abe l s  are supplied by the LOADS data  s e t  (see 
sec. 5-4)- Furthermore, a l l  l abe ls  are assumed to be consistent 
throughout the t o t a l  model, T h i s  r e s u l t s  i n  the INTERACT 
preprocessor automatically generating t h e  merging information for 
loadcases t h a t  have the s a m e  l abe l  f o r  the d i f f e r e n t  
substructures.  Thus,  t h e  highest level substructure has 
associated with it, a l ist  of all the  different loadcase labels, 
as  specified f o r  the  t o t a l  s t ruc ture-  

During the  back-substitution phase, the displacements for 
selected loadcases can be calculated f o r  selected substructures,  

5.9-5 Treatment of Analysis Frames 

The analysis  frame i d e n t i f i e r s ,  as defined by the NODAL data 
sets, are assumed t o  be consis tent  throughout the  to ta l  I 

s t ruc tu ra l  m o a e l .  Those node analysis frames specified for t h e  
l o w e s t  l eve l  substructures are used throughout substructured 
analysis.  

5-9.6 Multi-Level Interact ion 

There is no inherent l imi t a t ion  on the  number of levels in an 
i n t e r a c t  tree. The only l imi ta t ion  is t h a t  t h e  tree must be 
singly-connected; i .e,,  a substructure can only be interacted 
once, Intermediate l e v e l  substructures can be interacted 
together w i t h  one or more i o w e s t  level substructures,  Whenever a 
particular nodal freedom is t o  i n t e r a c t  more than once i n  forming 
multiple higher l eve l  substructures,  it m u s t  be retained manually 
€or the  appropriate substructure 
c r i t e r i a .  

based on the following 

When two or inore substructures are interacted,  the r e su l t i ng  
higner l eve l  substructure contains only those nodes tha t  have one 
or more retained freedoms i n  i ts  canponent in te rac t ing  
substructures,  1411 other  nodes a r e  reduced out  at the lower 
l e v e l .  When an in te rac t ing  node is detected,  i ts  in te rac t ing  
freedoms are set t o  FREE i n  the  higher level substructure and are 
reduced out a t  t h a t  level i n  a subsequent r uction operation e 
Such freedoms a r e  then lost as far as fur ther  interact ion a t  a 
still higher l e v e l  is concerned, unless they are retained 
manually for the  higher l eve l  substructure,  The user must, 
therefore,  e n s u r e  that those freedoms which i n t e r a c t  a t  mult iple  
substructure levels a r e  retained by appropriate use of the  BC 
CHANGE data  subset of the INTERACT data  set, 



5.9.7 Recommended Practices 

The following p r a c t i c e s  are recommended when performing 
substructured analyses. 

Execute the STIFFNESS processor before  reading t h e  
INTERACT data set. 

Use unique node numbers for convenient d e f i n i t i o n  of 
noue subsets, as general ly  required for 
v ib ra t ion / f lu t t e r  analyses of the highest  level 
substructure .  

The i n t e r a c t  d i s tance  to le rance  must be less than the  
s h o r t e s t  d i s tance  between any of t h e  nodes i n  a 
substructure  t h a t  are t o  i n t e r a c t ;  t h i s  must be the case 
f o r  each substructure ,  

For mult i - level  substructured analyses, those freedoms 
t h a t  i n t e r a c t  i n  forming a p a r t i c u l a r  Substructure  and 
which i n t e r a c t  again a t  a higher  level, must be re ta ined  
by using the BC CHANGE data subset  f o r  t h a t  p a r t i c u l a r  
substructure .  

Careful ly  check the pr in tout  f r o m  the INTERACT 
postprocessor (Userrs Manual; sec. 230) before 
proceeding w i t h  t h e  merge-reduce operat ions,  t o  ve r i fy  
t h e  substructure  in t e rac t ion  model, 

5.10 SLRUCTURAL RESIZING ( U s e r k s  Manual; secs. 112 and 272) 

i’he ATLAS System provides s t r u c t u r a l  design c a p a b i l i t i e s  f o r  
automated res iz ing  of general  f i n i t e  element models. Propert ies  
(areas and thicknesses) of selected E i n i t e  elembnts are modified 
( r e s i zed )  according t o  the geometric and/or margin-of-saf e t y  
cons t r a in t s  spec i f ied  by t h e  DESIGN d a t a  set (sec, 112 i n  t h e  
U s e r  s Manual) . Those model-definition data sets, i n  addi t ion t o  
a D L S I G N  data set, t h a t  a r e  required f o r  performing automated 
s t r u c t u r a l  r e s i z ing  are t h e  same as  t h a t  required f o r  a basic 
stress analysis (see table 5.1 and sec. 5.5) The overall design 
c a p a b i l i t i e s  are intended pr imari ly  fo r  preliminary s t r u c t u r a l  
a e s i y n  in a l a r g e  problem environment, 

The four basic s t r u c t u r a l  design methods provided by ATLAS 
a r t :  

a)  A Fully-Stressed-Design (FSD) technique 
b) A Thermal Fully-Stressed-Design (TFSD) technique 
c) A composite-structure opt imizat ion procedure 
d )  An elentent property srnoothing funct ion 
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Strength-aesign cri teria are used by the FSD technique, t h e  TFSD 
technique, and by the opt imizat ion 2rocedure. The smoothing 
function is provided pr imari ly  for making non-stress-dependent 
chmges t o  selected element proper t ies .  U s e  of t h i s  function, 
for example, allows i n t e rac t ion  w i t h  t h e  design process t o  a l te r  
the convergence characteristics of the automated design 
solut ions.  

The design process i n  ATLAS is i t e r a t i v e  in nature ,  because 
r ed i s t r ibu t ion  of the  i n t e r n a l  loads due t o  the element r e s i z ing  
is determined by t h e  "nextg# stress analysis .  Each design 
i te ra t ion  1s i d e n t i f i e d  by a user-specif ied CYCLF, number , wherein 
a design cycle  includes the following: 

a )  tieneration ot the s t r u c t u r a l  s t i f f n e s s  matrices 

u) Solut ion €or nodal displacements and element stresses 

c) Calculation of margins of  s a f e t y  based on the spec i f ied  
aesign cr i ter ia  I 

d)  Updating t h e  element proper t ies  

The d e s i g n  grocess is influenced by t h e  user  through cri teria 
sgecrifierl by t h e  DESIGN input  data set w h i c n  includes geometric 
and m a r g i n  of sa fe ty  cons t ra in ts  on the  element proper t ies ,  and 
through the EXECUTE DESIGN cont ro l  statement parameters (sec. 212 
i n  the User's Manual) that specify the number of design cyc les  
( i t e r a t i o n s )  t o  be performed, and the convergence requirements of 
t h e  design solut ion.  

pa r t i cu la r ly  for the  large problem environment with emphasis 
given t o  the  btoptimality approach'* except for comksite s t r u c t u r e  
for which a "regional search'' is  combined w i t h  a "math- 
progrmiiing approach," It should be noted that use of an 
o p t i m a l i t y  desiqn technique such as t h e  FSD and TFSD procedures 
s3meti:iies results i n  a non-converging solut ion,  or a so lu t ion  
tL;t is not  he mininimi weight  des ign .  However, t h e  state-of- 
ttitr-art is such t h a t  only the optimali ty  c r i t e r i o n  m e t h o d s  are 
econoxicaily f eas ib l e  for larqe models. I n t u i t i v e  arguments a r e  
okten usec i n  s e l ec t ion  of the design criteria t h a t ,  when 
satisfied, produce a minimum or "almost@ minimum weight design, 
ApFlicdtion of these ~rtethods, therefore, requires  t h a t  a level of 
exyjerience be developed f o r  se lec t ion  of the  design cons t ra in ts ,  
fc;r  judiclous use of t he  convergence cont ro l  uevices as pmvihed 
by ATLAS, and for i n t e rp re t a t ion  of t h e  design r e su l t s .  

The H T U S  automated design c a p a b i l i t i e s  have been developed 



Element stresses used by the DESIGN processor i n  performing 
t h e  element r e s i z ing  are those calculated by the STRESS processor 
except f o r  t h e  BEAM elements. When BEAM elements are included i n  
a s t ruc tu ra l  model, a PROPERTY data subse t  must be included i n  
the DESIGN data set. T h i s  data  subset is  used i n  t h e  conversion 
oi element moments and forces t o  stresses. The remaining DESIGN 
data subsets  are used, as required,  t o  introduce p r a c t i c a l  design 

o r  t o  improve t h e  convergence characteristics of the design 
solut ion i n  selected regions of t h e  model, 

‘ c o n s t r a i n t s ,  t o  guide the  design so lu t ion  i n t o  a desired range, 

The following types of design cons t ra in ts  can be specif ied by 
the  DESIGN da ta  set.  

a) Lower Bounds -- M i n i m u m  (lower-bound) element property 
values 

b) U er Bounds -- Maximum (upper-bound) element property 
values 

c) Fixed Data -- Selected element property values that are 
not  t o  be changed during r e s i z ing  

d)  Restrain Sizinq -- Selected elements or regions of the 
s t r u c t u r a l  model that a r e  not  t o  be changed during 
res iz ing 

Input Marqins -- ivlargins of s a f e t y  for selected element 
propert ies  t h a t  must be sat isf ied during res iz ing  

e) 

options f o r  updating a DESIGN data set are provided for user  
in te rac t ion  between successive design cycles ,  These features ,  in 
acidition t o  t h e  element-property smoothing function, allow t h e  
user  t o  constrain the design process or  t o  influence t h e  behavior 
ok the i terative design solut ion.  

The  automated design process i s  performed by including a 
PEFtE’0Fu.i. DESIGN staternent i n  the execution-control deck (see sec e 
6 and appendix E i n  the U s e r  e following types of 
convergence requirements can be used. 

a) The maximum allowable change of o t a l  weight 
model after each aesign cycle;  ( i * l )  - W ( i )  

b) The maximum allowable relative change of t h e  total 
weight of t h e  model alter each design cycle;  R = 

/W(i+l )  I w h e r e  W e  is  defined by (a) Iz 

c) The maximum allowable d i f fe rence  between t h e  
the  '*oldie property values for selected elements 



I t e r a t i o n  on a solut ion is performed automatical ly  un t i l  all 
specified design cr i ter ia  are saeisfied,  or u n t i l  t h e  spec i f ied  
number of design cycles  has been performed. 

Formatted pr in tout  of t h e  DESIGN inpu t  data, as w e l l  as the 
res ized  element propert ies  and margins of safety,  are generated 
by including appropriate tsPRINT*E statements i n  the  execution- 
control  deck (see sec. 6 and the UserLs Manual; sec.. 212) .  The 
resized element proper t ies  and margins of sa fe ty  can also be 
plo t ted  as contours o r  graphs using t h e  GRAPHICS postprocessor 
(see sec. 6 . 3 ) .  

Discussions of the var ious ATLAS s t r u c t u r a l  design 
c a p a b i l i t i e s  are presented i n  t h e  following subsections. 

- Section flesiqn MethocJ 

5.10,1 Fully Stressed Design (FSD)  
5.10.2 Thermal Fully Stressed D e s i g n  (TFSDJ 
5.10.3 Composite Optimization 
5.10.4 Element Property Smoothing I 

Further d e t a i l s  of the design methods are presented i n  t h e  ATLAS 
"Design Module Theory Document. 

5-70 .7  Fully Stressed 'Desisn (FSD) 

The fully-stressed-design me-chod can be used to r e s i ze  the 
following types of stiffness f i n i t e  elements, 

HOD SPAR PLATE SROD 
BEkrvl COVER GPIATE SPLATE 

IR performing an automated serucfxral design, t h e  resize 
procedures use the  cons t r a in t s  spec i f i ed  by the D E k I G N  data set 
and a res ize  algorithm based on element-property margins of 
s a fe ty  

A @  = A ( l  + MSI)/(l + MSC 

where A L  = new property value 
A = old property value 
MSI = input  (specif ied)  property margin of safety 
MSC = calculated property r g i n  of s a fe ty  

Selected element propert ies  (thicknesses and cross-sect ional  
areas) a r e  t h e  design variables i n  these expressions, The 
remaining element proper t ies  are change in the  same proportions 
as their r e l a t e d  design var iab les  are modified. 



ent margin of safety,  MSC, is such 
operty w i l l  be just adequate 
e applied stress will equal 
Calculation of the margins 
that i n t e rna l  loads do not 

jlng requir r ious  calculated 
creened, a thereof are used 

envelope prior to use of 

variables are order to satisfy 

t o  es tab l i sh  a margin-of-sa 
the f oreyoing resize rg ins  can be calculated 
according to t he  f o l l  

a)  Strensth -- Hillas failure c r i t e r i o n  (ref, 5-14) is used 
to  s a t i s f y  the strength re irernends. For the  one- 
dimensional case, the equation is 

MSC(Strength) = (F/f) - 
where nfl@ is the applied stress, and *Tu is the 
allowable stress as d e f i  ERIAL data set. 
For plate-l ike elements the condition of transverse 
isotropy is assumed, 

b) Panel Bucklinq -- The panel buckling cr i te r ion  is 
applied t o  t h e  SPRR, COVER, PLATE, GPIATE, and SFLATE 
elemenks .) By def a u t p .  the  allowable compression and 
shear buckling stresses are those defined by the 
MATERII?JI data set, These data are used as constant 
buckling allowables, Optionally, property-dependent 
allowaPle buckling stresses can be specified for 
selected elements by input of a LEY IXSIGN data 
subset. 

cl Local Bucklinq -- The loca l  buckling criterion is 
applied to the  PLATE, (;PLATE, and COmR elements only 
when a DULUSuC DESIGN data subset is input. Local 
buckling allowables are calculated by use of the 
specified stress-dependent e l a s t i c  m d u l i ,  and t h e  
assumptions of a rectangular i so t ropic  p l a t e  on simple 
supports, Optionall ffect of p la te  s t i f f ene r s  in 

ective elemental "free 

input  of a DEtAIL data  set 
al) 

Two options are provided far calculation ot the buckling 
margins of safe en ule T A B U  or local-dl 
element-proper endent, a t h e r  a f i r s t - o  
method or a n l ~ c a l P E  i t e r a t i o n  to ergence can be used t o  



account for the tress due ko a change in the 

f irst-order derivative variable, The 
~ b j e c ~ ~ ~ e  i s  to establi h that R f t r f  = 
1 .  

The default buckling i n t e  
stress case is that correspcm 
theary of simply-supported, thin plates- 

for the plane 

where each ,*Rw denotes an applj,ed stress in the 3, 
2@ QK 1-2 material dire 
stress. Optionally, different i n  et tions can be 
specified for selected elements b e of the fom 

where the coefficients a, fi, c, and the stress-ratio exponents 
are selected by the usex. 

t to understand the 
ncloseness" of the resulting desi of the minimum-weight 
design, as well as the convergenc ristics of the design 
solution. Frequently, for ample, the ~ @ t ~ o ~  produces 
consecutive designs w i t h  ve 
with significant changes i n  he ~ o ~ ~ ~ ~ ~ ~ ~ d ~ n ~  Lndivi 
properties, It is not possible to e general rules regarding 
the convergence behavi 
theref are, depends hig 

In using the FSI) method, it i 

minor overall weight 

~ ~ F ~ ~ ~ ~ t ~ ~ ~  of tte m e t h o d .  

The thermal 

reference 

5 ,  



often remain reasonably constant while the mechanical st es 
change w i t h  changing design variables - 

The TFSD method i s  based on t h e  same r e s i ze  algori a t  is 
d i n  sect ion 5-10,1 for the FSD method- The TFSD method, 

however, only c iders s t r e ~ ~ ~ t h  requirements based on Hill*s 
crieerion. FOX e one-dimensional caser the property margins of 
safe ty  are calculated By 

M S C ( S t r e n g t b )  = t ( F - f t h ) / f m ]  - 1 

where * @ f r n M  is the applied mechanical Stress. 'tfthN is the applied 
thermal stress, and ,@FLf is the allowable stress as defined by the  
MATERIAL data set (sec. 140 in the  U s e r %  Manual) 

the use of specified design constraints and margin-of -saf e t y  
design envelopes, as we11 as the design solut ion convergence 
chzacteristics 

O t h e r  similarities b e t w e &  the FSD and the TFSD methods are 

I 

The TFSD method can be used f o r  resizing the  following types 
of stiffness f i n i t e  elements, 

HOD SPAR PLATE COVER SROD SPLATE 

To use the TFSD method, it is necessary ERMAL'@ DESIGN 
data subset i s  input t o  def ine one or more thermal design 
loadeases . 
5 10- 3 Composite Optimization 

The caposite optjdmization m e t h  can be used t o  r e s i ze  
composite s t ruc tu re  tha t  is dealized by the 
@COWER s t i f f n e s s  f i n i t e  ele nts.  The struck 
(strength resized) is consi red t o  be divide o one OK m o r e  
design regionsl each of which defines an optimization problem 
that is processed independently. me resizing process 
consequently involves t h e  repeated solut ion of local w e i g h t  
optimization problems, each of w h i c h  i s  related o a subset of 
t h e  elements contained i n  a p i c u l a r  design r 
illustrated in figure 5-21, t subset of e l  

iaation subregion. 

A design region and its o ion are defined by 
a SUBSET D E F I X I T I O  
The design region 
more elements of the s a m e  t 
laminas and identical fiber d i rec t ions-  



Resizing of a l l  t h e  composite elements within a design region 
is based on sa t i s fy ing  t h e  user-specif ied s t rength  and weight 
design cr i ter ia  for those elements i n  t h e  optimization subregion. 
By includinq only the testrength-cr i t icalM elements i n  the 
sumegion, the number of ca lcu la t ions  associated w i t h  an 
optimization problem can be reduced s i g n i f i c a n t l y  (. 

Each optimization problem is solved by the DESIGN processor 
according t o  t h e  following steps:  

a )  The stresses i n  t h e  *lffrstfg l a m i n a  of each subregion 
element are compared f o r  each design loadcase t o  
i d e n t i f y  the most "strength critical" f i r s t  lamina. 
Similar ly ,  the most cr i t ical  second, t h i r d ,  etc. laminas 
are i d e n t i f i e d ,  E i t h e r  H i l l ' s  s t rength  c r i t e r i o n  o r  t h e  
Maximum Strain c r i t e r i o n  can be used, each of which i s  
based on the "stress calculated" data ,  and the allowable 
stresses defined by the MATERIAL data set ,  This 
c r i t i c a l i t y  screening establishes 43-16? cr i t ica l  element 
and loadcase f o r  each lamina as shown i n  figufe 5-22, 
Tne r e su l t i ng  set of %est critical" laminas def ines  the 
s t r e n g t h  cons t r a in t s  t h a t  must be s a t i s f i e d  during the 
so lu t ion  phase 

b) The so lu t ion  phase uses a local optimization 9nath- 
programmingN technique based on Zoutendijkrs method t o  
determine a minimum weight design for the R8strength 
c r i t i ca l ' *  laminate (ref 5-16) . Structural weight is 
used as the objec t ive  funct ion,  The lamina thicknesses  
(number of layers in each lamina) are the design 

var iab les  sub jec t  t o  t h e  selected strength c r i t e r i o n ,  
I n  t h e  method of feasible d i rec t ion ,  l i n e a r  programming 
is  used t o  establish new thicknesses  such t h a t  t h e  
increase i n  s t r u c t u r a l  weight is m i n d z e d  without 
v io la t ing  t h e  s t rength  cons t ra in ts .  During res iz ing ,  it 
is assumed t h a t  t h e  lamina f i b e r  d i r ec t ions  remain fixed 
and that the t o t a l  laminate loads remain constant ,  A l l  
lamina thicknesses  of t h e  elements i n  the design region 
are modified its necessary. Only the number of l aye r s  
dssociated w i t h  che laminas i s  allowed t o  vary, 
Redis t r ibut ion of the i n t e r n a l  loads is establ ished by 
the *@nextrr stress analysis .  

c) After completion of the ~ ~ ~ a ~ h - ~ r ~ ~ a ~ i ~ ~  phase, a new 
c r i t i c a l i t y  screening ( s t e p  a) is performed- I f  a new 
s e t  of s t rength  cons t ra in ts  is establ ished,  the so lu t ion  
and screening phases are repeated t e n  t i m e s  OK u n t i l  t h e  
new and old set  of cr i t ical  elements and loadcases are 
i n  agreement, Convergence of the so lu t ion  is qenera l ly  
considered t o  have been a t t a i n e a  when the relative and 



Ek = Design Region (subset) 

Ek, = Optimization Subregion 

Figure 5-21 . Regional Compos4 t e Optimization 

CRITICAL LAMINAS 

Figure 5-22. Strength Crit ical  Laminate Screening 

5.117' 



absolute change i n  the  s t r u c t u r a l  weight is less than 
,001 i n  t h ree  consecutive i t e r a t i o n s  I 

The overa l l  l o g i c  used in solving the composite optimization 
problem is i l l u s t r a t e d  i n  f i gu re  5-23. 

I n  addi t ion t o  t h e  general  types of design cons t ra in ts  t h a t  
can be specif ied by t h e  DESIGN da t a  set, as described previously, 
it is also possible t o  equate thicknesses f o r  d i f f e r e n t  laminas 
of composite s t ruc tu re ,  Use of this cons t ra in t  capabi l i ty  allows 
'*balanced*@ laminates to r e s u l t  from the  r e s i z e  calculat ions 
(e .g, ,  equal lamina thicknesses i n  the  2450 di rec t ions) .  

5.10.4 Element Property Smoothinq 

The element-property smoothing capabi l i ty  allows the element 
properties t o  be modified without making changes d i r ec t ly  t o  t h e  
input STIFETJESS data set. Use of this capabi l i ty  is intended 
primarily for "smoothing" t h e  element propert ies  resu l t ing  from 
an automated res iz ing  i n  order t o  s a t i s f y  p r a c t i c a l  constraints ,  
and t o  influence t h e  design so lu t ion  convergence charac t&r is t ics ,  

Selected proper t ies  of selected elements can be made equal t o  
one of t h e  following. 

a )  User-specif i e d  values provided i n  the WMOOTHING'* DESIGN 
data subset 

b) Those properties associated w i t h  a ce r t a in  specif ied 

c) The corresponding maximum property values associated 
with a specif ied subset (or region} of elements 

element 

I t  should be noted t h a t  p rev ims  calculat ion of element stresses 
is not required for use of this capabi l i ty .  Only the *SMOOTHING18 
DESIGN da ta  subset i s  required i n  the model-ctefinition da ta  a f t e r  
a STIFFNESS data  set is  provided, 

A capabi l i ty  that is c lose ly  r e l a t ed  t o  t h e  tlsmoothingfo 
option is the " f l u t t e r  execution" option of the  DESIGN processor, 
I n  this case, s t r u c t u r a l  propert ies  of selected elements (or 
regions) are modified according t o  spec i f ied  factors. This 
capabi l i ty  also represents a way of changing element propert ies  
without making changes d i r e c t l y  t o  the input STIFFNESS da ta  set 
( U s e r ' s  Manual; sec, 212) 



Figure 5-23 .  Composite Optimization Problem Solution Logic 
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6 -0 EXECUTION CONTROL DATA 

The second phase of the problem-solving process requires the 
defini t ion of ATLAS execution-control data to  specify how the 
problem derined by t h e  model-definition data (sec. 5) is t o  be 
solved. Basically, the ATLAS control data specify the method of 
analysis, t h e  sequence of computational steps, and the 
printed/plotted displays of selected data Lo be generated, 

A l l  ATLAS System execution d i rec t ives  used to  create a 
control deck are writ ten i n  a user-oriented executive language. 
Optionally, FORTRAN and SSARK lanquaqe statements may be 
intermixed with ATLAS di rec t ives  t o  c rea t e  a control deck f o r  
performing spec ia l  analyses or for  interfacing ATLAS data with 
other computer programs. These functions are described fur ther  
i n  section 9. Generally, m o s t  problems can be solved by using 
only ATLAS di rec t ives  (statements) in the  execution-control data. 

Having defined a Control deck, it may be used t o  execute 
ATLRS i n  a batch, on-line or mixed computing environment. 
Alternatively, the def in i t ion  and execution of ATLAS control 
statements can be performed in te rac t ive ly ,  Ak execution time, an 
ATLAS Control Program is created automatically f r o m  the  user- 
supplied execution-control data, 

Functions t h a t  can be performed in te rac t ive ly  during 
execution of ATLAS include 

a)  Define, interrogate,  and/or modify data f i l e s  and 
execution-control files 

b) Execute selected ATLAS S y s t e m  modules *to perform 
computations and t o  manage problem data 

c) Create and manipulate plots of selected data on a 
graphics t e rmina l  screen 

Descriptions of the various exemtion-control options are 
presented i n  t h e  following sections 

Section D e s c r i p t i o n  

6.1 Control Paragram Functions 
6.2 Printed Output 
6 . 3  Graphical ihltput 
6.4 Interact ive Processing 

Detailed descriptions of the ATLAS execution-control d i rec t ives  
a r e  presented i n  section 200 of the  User's Manual. 



6.1  CWTROL PROGRAM FUNCTIONS (User's Manual; sec. 200) 

The ATLAS cont ro l  statements used t o  create an execution- 
cofitrol deck f o l l o w  the  general  conventions of FORTRAN ( e - g . ,  
each statement must be wr i t ten  within columns 7 through 72 with 
optional  l i n e  cont inuat ions) .  Sach con t ro l  statement has the 
following general  format: Functional Descriptor (P l i s t )  

The asFunctional Descriptorsa is  one or m o r e  key-words tha t  
i a e n t i f y  one or several  RTLAS modules t o  be executed when t h e  
d i r ec t ive  is processeci, " P l i s t "  is a list of parameters that is 
passed t o  t h e  modules as they are being executed, These 
parameters are used a t  execution time for three purposes: 

a) Select execution opt ions of a module 

b) Change defaul t  values of parameters as i n i t i a l l y  set by 

e) Specify numeric or alphanumeric information t o  be used 

the module 
f 

during execution 

Tile ATLAS execution-control statements,  as  summarized i n  table 6- 
1, are described i n  detail  in sec t ion  200 of the U s e r ' s  Manual. 

Each ATLAS control  statement i n i t i a t e s  one or more execution 
steps i n  the so lu t ion  of t h e  problem defined by t h e  model- 
de f in i t i on  data deck, 
statements are as follows: 

Functions performed by the control  

a) Establish Executive Control -- Identify t h e  ATLAS 
execution Control Program (control  deck) ,and the  m o d e  of 
execution, The first and last s t a t e m e n t s  of a con t ro l  
deck must be the  =BEGIN CONTROL" ,and uEND CONTROL* 
di rec t ives ,  respect ively.  A single-word nnameUs can be 
assigned to the  C o n t r o l .  PTOglramr  and opt ional ly ,  a %ext 
s t r ingsu  can be assigned by use of the PROBLEM I D  
statement.. The 1Nm:RACTIVE CONTROL statement is used t o  
i n i t i a t e  in t e rac t ive  ATLAS processing by use of a remote 
computer terminal,  After execution control  is 
t ransfer red  t o  the terminal., execution-directives are 
entered by the  keyboard f o r  on-line problem solving as 
described i n  sect ion 6.4, If the EWERACTIVF, CONTROL 
statement is  not  used, execution of: the ATLAS job is 
performed i n  either the batch mode or the on-line mode. 

3) Preprocess Data -- Read, decodeo and in te r roga te  the 
model-definition data and generate problem data as 
requested. These funct ions are performed by the ATLAS 



Table 6-1. Summary o f  the ATLAS Execution-Control Statements 

B E G I N  CONTROL ( M A T R I X )  PROGRAM < name > 
< n > CALL FILEAOO ( l e t .  ( F I l e n a m s r ) )  

< n > CALL PRNTCAT 

< n > CALL REPFL (cores ize )  

CHANGE I O  ( t e x t )  

< 0 > EN0 <CONTROL PROGRAM> 

ERROR PROCEDURE 

< n > EXECUTE { ~ ~ ~ ~ ~ ~ ~ ~ s s o , ]  < ( P l i s l ) >  

< n > INDEX FILES <(Filenames)> 

< n > IHTERACTIVE CONTROL 

< n > LOA0 FILES <( ( ~ ~ ~ ~ ~ ~ ~ ~ , = R m ' N o * )  <Filenames>< . O P T I O H = { ~ } > ~ >  

< n  > LOA0 M A T R I X  ( ( S a V e f ~ l e = R f W l H D . )  Filename, ~ l l s t < . O P T I O H = { ~ ) > )  Ssrefils. 

(n > PERFORY ( P r o c e d u r e }  < ( P l l t t ) >  

< n > PRINT  io} (Filename, Y l i s l )  

< n > PRINT { !:::, ] ( {  Postprocessor'}<. PI i s t  >) 

PROBLEW I D  ( tex t )  

< n  > PURGE f l L E S  <(Filenames)> 

< n > PURGE W I T R l X  (FILE=FIIename. Mitt )  

< n > PURGE WLTRlX<(YI i t t )>  

< n > REAO INPUT<(< I = F I I ~ , > ( ~ ~ ~ ~ ~ )  )> 

< n > RENAYE WATRIX (Old1 =nerI. Old2 =nerZ. e . . ) 
Savcf i le=RE1INO.  <Fll#nama$ >)> ' < D > SAVE FILES < (( savefile. ) 

< n > SAVE YHRIX (( S3VEf i 11. 

USER COMMON (list) 

Mot h t i  on : 
0 { I  indicates t h a t  one o f  the enclosed parameters must be i n p u t  
a <> identifies a parameter that  has a default value 
.Filename -- The 7-character name o f  a random-access f i l e  associated w i t h  a 

particular ATLAS module (e.g. ,  STIFRNF for the STIFFNESS processor) 
0 Processor, Postprocessor -- The nave o f  an ATLAS module (e.g., the STRESS processor) 
e PARAM -- All upper-case denotes a key-word 
.Param -- Only the f i r s t  character i n  upper case denotes e i ther  a key-word or  a 

oparam -- All lower case i s  user defined 
oPl i s t  -- A sequence o f  parailleters denoting user-selected options 
elflist -- List of matrix nawes associatPd with a Filename 
.Savefile -- The name of an ATLAS f i l e  used for execution res ta r t  (e.g., SAVESSF 

previously defined parameter 

and SAVESSl ) . 
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preprocessors, execution of which is i n i t i a t e d  by the  
READ I N P U T  statement. 

c) Perform Computations -- P e r f o r m  technical computations, 
as required f o r  the problem solution, by executing one 
o r  more of the ATLAS processors. A processor is a named 
module that performs calculat ions associated with a 
par t icu lar  engineering technology (e .go I LOADS, STRESS 
VIBRATION, and FLUTTER), Execution of d processor is 
i n i t i a t e d  by an *ExECU!I?E Processor" statement, 
Generally, a number of processors m u s t  be executed i n  
sequence t o  perform an analysis. Certain standard types 
of analysis are performed most conveniently by use  of 
the standard catalogs (sequences) of ATLAS statements. 
Executian of a control-procedure catalog is ini t ia ted by 
a *'PERFORM Procedure@@ statement. Generation of a 
reduced s t i f f n e s s  matrix named KRED, f o r  example, can be 
accomplished by the ATLAS statement 

PERFORM K-REDUCE 

which i s  equivalent t o  the  following sequence of 
statements : 

EXECUTE STIFFNESS (RUN=STIFFNESS,SET= 1,LUMP=O - 0 )  
EXECUTE MERGE (STIFFNESSfSET=1,STAGE=1,K71=1?,Ht2= 
EXECUTE CHOLESKY (DEFO,R11,FK12,Kl2) 
EXECUTE MULTIPLY (KRED=[K22-FK12 (T) *FK12]f. 

2,K22= 

Postprocess D a t a  -- Extract, format, and display 
(print/plot) the model-definition input data, analysis  
r e su l t s ,  and data matrices. Selected data printouts  a r e  
generated by the PRZNT statements ,  whereas data p l o t s  
are created by the "EXECUTE EXTRACT" and nEXECUTE 
GRAPHICS" statements. I n  general, there is a "PRINT 
INPUT" statement and a "PRINT 0UTPWm statement 
corresponding t o  each technical processor. All 
technical-data graphical displays, hawever, are created 
by using the  c m o n  ATLAS graphics software package. 

e) Manase Data Base -- Establish a job-execution checkpoint 
or restart and manipulate data matrices established i n  
the ATLAS data base. Selected information in t he  ATLAS 
data base can be saved f o r  subsequent restart of job 
processing a t  an intermediate step. To restart job 
execution, the data are restored (loaded} i n t o  t h e  ATLAS 

. data base, These functions are performed by using the 
nSAVEgl and %0ADt* statements , respectively. In each 
cdse, an external storage device (e.g., permanent f i l e  
or magnetic tape) must be i d e n t i f i e d  by the job control 



cards described i n  sect ion 7 .  The ERROR PROCEDURE 
statement is used t o  ident i fy  the beginning of a 
sequence of control  statements that are t o  be executed 
only i f  a fatal e r r o r  occurs during execution, 
Generally, the '*error procedure" statements are used t o  
generate select data pr intouts  and to save t h e  ATLAS 
data base for subsequent restart. O t h e r  control 
statements (e-g,, INDEX, PURGE, and RENA-HE) are used 
primarily t o  manipulate the data matrices during la rge  
problem solving. 

The following execution-control deck for performing a stress 
analysis i l l u s t r a t e s  the use of some of the ATLAS statements. 
O t h e r  examples are described i n  sect ion 8 .  

BEGIN CONTROL PROGRAM EXAMPLE 
PROBLEM I D  ('I'YPICAL FORLNAT OF AN EXECUTION-CONTROL DECK) 
READ INPUT 
PRINT I N P U T  (NODAL) 
PRINT INPUT (STIFFNESS) 
PERFORY STRESS 
PRINT INPUT (BC) 
PKXNT OUTPUT (STRESSES) 
SAVE FILES 
END CONTROL PROGRAM 

I 

I n  this example, the model-definition data are preprocessed by 
t h e  READ INPUT statement p r io r  t o  requests for formatted pr intout  
of the N O W  and STIFFNESS input data. Stress-analysis 
computations a r e  processed v i a  t h e  nPERFORMm cataloged control  
procedure. 
and stress-data printout,  and t o  save all ATLAS,data for 
subsequent restart of job execution. It should be noted t h a t  a l l  
postprocessing activities (e.g., data pr intout  and data  saving) 
are performed only i f  requested by the execution-control data, 

Options w e r e  selected t o  generate boundary condition 

Those processors which must be executed t o  perform standard 
types of ana lys i s  using the ATLAS System are ident i f ied  i n  table 
6 - 2 .  Processors which may be executed i n  support of typ ica l  
analyses are also shown i n  t ab le  6-2 -  Because of the  many 
analysis options provided by ATLAS, t h e  sequence of module 
executions is best i l l u s t r a t e d  by the sample execution-control 
decks uescribed i n  sect ion 8. In a l l  cases, execution of t h e  
postprocessors to generate print/plot displays is  optional. 
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Table 6-2. Processor/Postprocessor Executions for  Standard Types o f  Analyses 0 
Processors and Postprocessors Modu I e Executions f o r  S t anda I d Analyses 

a *  
0 

e 

A cross (t) i d e n t i f i e s  a postprocessor module only 
A check (fl i d e n t i f i e s  a processor that nwst be executed fo r  the correspon8ing type 
o f ana I y sl s. 
An asterisk (*) i d e n t i f i e s  a processor or postprocessor that may be used to perform 
the corresponding analysis type. 
Execution o f  a l l  postprocessors for p r i n V p I o t  displays i s  optional. 
A l l  modules shorn in the tab le or any combination thereof may be executed during an A T U S  job. 
The ‘corresponding input data sets (ref. t a b l e  5-1),horever.must be provided as necessary. 
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6 -2 PRINTED OUTPUT 

Two general types of printout are generated during processing 

a )  Automatic Printout 
b) R e q u e s t e d  Printout 

of an ATLAS job, 

Pr in ted  output t h a t  i s  generated automatically include tracking 
of the execution s teps  performed during the problem solution, as 
w e l l  as certain solution accuracy checks. Formatted printout of 
selected input data and analysis r e s u l t s  are generated only as 
requested by the user v i a  **PRINTft statements i n  t h e  execution- 
control deck (see secI 6,1) .  

6.2.1 Automatic Printout 

The types of printout t h a t  are generated automatically 
include the  following : 1 

a) Execution-Control Deck Echo and Compilation 
b) 
c) Data Deck Echo 
a) ERROR and WARNING Messages 
e) Solution Accwacy Checks 

Control Statement Echo a t  Module Execution T i m e  

Descriptions of these printed outputs are presented b e l o w .  

6.2.1 - 1 Execution-Control Deck Echo and Compilation 

The first a c t i v i t y  performed automatically during execution 
of an ATLAS job is  cornpilation of the  execution-control deck, 
This  ac t iv i ty  i s  necessary t o  convert the control statements,  as 
input i n  GI user oriented language, i n t o  computer-sensible 
execution directives.  Thrqe blocks of printout  a re  generated, as 
typified in f igure  6-1 for a vibration analysis. 

a) The execution-control deck is  printed as it was input 
3 

(fig.  6-la) 

b) Any execution control procedures referenced by t h e  
control deck are interpreted.  T h a t  is, each PERFORM 
statement is replaced automatically by its corresponding 
sequence of exp l i c i t  ATLAS statements ( f ig ,  6-lb) 

c) The ATLAS-language statements are precompiled 
(translated) i n t o  FQRTRAN-equivalent statements t o  form 
an ATLAS Control Program, which is then compiled and 
loaded for immediate execution (fig.  6-lc}. 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * 
* O T L A S  C A T A L O G  I N T E R P R E T E R  * * 

CdRO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B E G I I J  CONTROL FROGP4M SAMPLE3 
PCOBLEM I O ( S A M P L E  CONTROL PRCIGRAn COMPILATION) 
R I 3 9  INPUT 
E XF C U T t  Mi4 S S I 0 P T I ON12 ) 
PEFFORM K-REDUCE 
E XFCUTE V I  B R 4 T I  t?N( MAS S=MDCOOLArST I F ~ K R E D I  NFR EPS=5rNNODES*S) 
PF I N T  OUTPUT ( V I  BRATICIN1 
END CONTROL PPCGRAM 

(a) Echo of Execution-Control Deck, 

1') 
11 
12 
1 3  
14 
I 5  
16 
1 7  
1 1  
19 
23 
il 
2 2  
23 
24 
2 5  
Z b  

L . . S  6 7 

BEGIN CCNTROL PROGRbM SIMPLE3 
PROBLEM 101 SAMPLE CONTROL PROGRbR COMPIL IT IOY)  
C F b O  INPUT 
EXECIJTE M4SSIOPTION-21 

c 

i METUOO I .  CENEQITE ELEMENT STIFFNESS q 4 T P l C F S  
C 
C 3. CbLEULATE THE PEWCED STIFFNESS MATRIX 
C 

2. ASSEHOLE THE STRUCTUe41 STIFFNESS H A T P I X  
* 
a * * 

EYO P l l E C C l P I L L T l U D  AT 20.17.24 I .267 SECONDS CP TlHE USED. 1 

( b )  Precompiled Control Program 

1 

5 

10 

120 

125 

130 

135 

I F I L F  I 7LVIBROLF 
b s s t w  nc012 TO WXTPOR 

CLPD kk.  SSVCRITY OETAILS OIJGNOSIS OF PRORLEY 

38 I RETULN I T I T F R E N T  6PPFARS I N '  MAIN  PRflGRbM- 
26 I L.EWFN STATEWENT b P P E d l S  IN/ M l I N  PROGRAH. 
59 I I APC* lN tN l  COUNT LNCUhSISTCN? WITH P R I O R  USAGF. 
8 4 .  1 1 AWIJKENT COUNT INCONSISTEM1' WITH PRIOR JSbGE. 

(c) Campi 1 ed Control Program 

I- igure 6-1. Execution-Control Deck Echo and Compilatioti Printout 
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Diagnostic messages, i f  any, are pr in ted  e i t h e r  by the ATLAS 
precompiler or by t h e  computer operat ing system used by the  
computer i n s t a l l a t i o n .  

6.2-1.2 Control Statement Echo at Module Execution Time 

Each ATLAS control statement is  pr in ted  at execution t i m e ,  as 
i l lust rated i n  f igure  6-2.. The following information is 
included : 

a) The PROBLEM ID as specif ied by the execution-control 
deck 

b) The version of the ATLAS System being executed 

c) The t o t a l  c e n t r a l  processing seconds u t i l i z e d  up t o  t h i s  
s tep during the job processing 

d )  Execution parameters, as spec i f ied  by the user,, t o  be 
used during execution of the par t i cu la r  ATLAS module 

e) Generally, t h e  computer f i e l d  length required f o r  
execution of the module is a l so  displayed at this t i m e ,  

6.2.1.3 D a t a  Deck Echo 

A l l  input  data records included i n  the  model de f in i t i on  data 
Each data record is assigned deck are printed as they are read. 

an input record number and a card number as i l l u s t r a t e d  i n  the 
data  deck echo shown i n  f igure 6 - 3 -  Note that non-executable 
adtd records, such as da t a  comments, are not  assigned a 
consecutive input  record number. Reading and pr in t ing  the  data 
aecjc is i n i t i a t e d  by t h e  READ INPUT execution-cbntrol s ta tement ,  

6.2.1-4 ERROR and WARNING Messages 

During problem execution, ATLAS performs an extensive number 
02 data checks i n  an attempt t o  t r a p  a l l  possible anomalies. 
When the system detects an ambiguity i n  the data that can be 
resolved without user in te rac t ion ,  a w a r n i n g  message is pr in ted  
and processing of the job continues without interrupt ion,  
H o w e v e r ,  when d computer operat ing s y s t e m  error ocmrs, or  when a 
f a t a l  inconsistency is detected either i n  the data or i n  the 
user-selected execution log ic ,  an error message is  printed.  In  
this case, only the execution d i r e c t i v e s  included i n  an '*IBROR 
PrlOCEDURE" within the execution-control deck are processed p r i o r  
t o  ternunating the job, 

I n  a l l  cases, the word WARNING or t h e  word ERROR is  included 
i n  the appropriate  message issued t o  t h e  output f i l e ,  Each 
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SPHPLE OUTPUT L IST ING 

ATLAS 4.0 PROD UD102 

FLAYSEO CP SECONDS 29.359 

CALL OVERLAY 1.0 FROM F I L E  VIBROLF 

PAPAMETERS PASSED TO HOWL€ 
t+++t+++++++t+++++++t+4t+++ 

1 EXECUTE 

2 V I  BRA TION 

3 STIF - KIED 

4 MASS - MDCOOAA 

5 

5 

5 NFREPS - 
6 NHOOES 

F IELD LENGTH REQUIRED FOR THIS HOOULE 1s 115776 OCTIL 

Figure 6-2. Example P r i n t o u t  of  a Control Statement a t  Execution Time 

*/ YOOE2 t 
8ECIFI  N 0 X L  DATA 
100 5. 10. 15. 
101 b .  13. 18. 
102 7. 15. 15. 
103 8. 15. 18. 
104 9.  20 .  15. 
1G5 10. 2’3. 18. 
E&3 NODAL DATA 
END PROBLEM DATA 

( a )  Input Data Deck 

lNPUT RECORD 

INPUT EECOFD 

INPUT RECOPD 

INPUT FECOPD 

IFIPUT RECORD 

INPUT RECORD 

[NPUT RECORD 

INPUT RECORD 

INPUT RECOPD 

INPUT RECORD 

1 a... 

1 .... 
2 ..e. 

3 .... 
4 .... 
5 ...a 

6 *.e. 

7 I... 

8 

9 .... 

? /  flQ0E2 / 

BEGIN NbDAL DATA 

100 5. 10. 15. 

101 6.  10. 18.. 

102 7.  15. L5e 

103 8 .  15. 18. 

104 9. 20. 151  

105 10. 20. 18, 

END NODAL DATA 

END PROBLEM DATA 

(b) Data Deck Echo 

Figure 6 - 3 .  Model-Definition Data Deck Echo 
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messaqe i s  pr inted as t h e  s i t u a t i o n  is encountered and is 
intenued t o  be self -explanatory. Example WARNING and m R O R  
messages are as follows: 

W M I N G  -- COORDINATES OF NODE NUMBER 4 2  HAVE BEEN REDEFINED. 

WARNING -- THE WARPIPJG FACTOR IS  ,017; I T  SHOULD NOT EXCEED 0.05 
FOR BRICK FACES, 

LRROH -- NODAL COORDINATES -WST BE; INPUT AS DECIMAL NUMBERS. 

EHROR -- E;LE=MENT LENGTHS MUST BE F I N I T E *  

EKKOR -- JGLENTRANT CORNERS ARE NOT ALLOWED FOR QUADRILATERAL 
ELEMENTS 

I t  should be noted t h a t  a l l  anomalies encountered, .during 
postprocessing activit ies,  (i .e., generation of requested 
printouts and p lo t s )  are i d e n t i f i e d  as warning conditions so  tha t  
f u r t h e r  processing of the job is  not  terminated, 

6.2.1.5 Solut ion Accuracy Checks 

Many so lu t ion  accuracy checks are performed automatical ly  or 
are provided a s  execution options.  I n  a l l  cases, t h e  r e s u l t s  of 
t h e  checks are iden t i f i ed  i n  the pr intout .  

The check performed automatically t o  iden t i fy  ill- 
conctitioning of the s t r u c t u r a l  model is used t o  i l l u s t r a t e  t h i s  
type of pr in tout ,  

When the +XERGE processor is executed t o  form the gross 
s t r u c t u r a l  s t i f f n e s s  matrix using the  elemental s t i f f n e s s  
matrices as its components, t h e  correspondence between t h e  rows 
OI the merged free-free s t i f f n e s s  matr ix  p a r t i t i o n  (the 1 , l  
partition) and t h e  nodal freedoms is pr in ted  automatically. 
E'igure 6-4 i l l u s t r a t e s  t h i s  correspondence table, 

When the s t r u c t u r a l  equations of equilibrium are solved by 
the CHCILESKY processor, t h e  f ree-free s t i f f n e s s  matr ix  p a r t i t i o n  
is decmposed i n t o  the  product of a lower-triangular matrix post- 
mult ipl ied by i t s  transpose - While performing this 
decomposition, the number of s ign i f i can t  d i g i t s  l o s t  during t h e  
computations ( the pivot  decays) are ca lcu la ted ,  As t he  degree of 
equation dependency increases  , t h e  number of s igni f  i can t  d i g i t s  
los t  during t h e  so lu t ion  a l s o  increases- When t w o  or  more of t h e  
equations are found t o  be dependent within the  accuracy of the 

* computer, the sys t em of equations is singular, I n  t h i s  case, an 



ERROR message is printed and job processing i s  terminated. The 
mathematical model must be m d i f i e d  t o  remove the equation 
dependencies so that a nontr ivial  solut ion can be performed, 

associated with a l l  s ingu la r i t i e s  and the  maximum pivot decay, as 
detected by t h e  CHOLESKY processor, are ident i f ied  i n  the 
printout.  Using the  aforementioned row/f reedom correspondence 
table  printed by the  MERGE processor, the  nodal freedom 
corresponding t o  the s i n g u l a r i t i e s  and Ulocal mechanisms" can be 
identiried,  For the example shown in f igure 6-5, one s igni f icant  
digit was lost during the computations associated w i t h  r o w  60 of 
the s t i f f n e s s  matrix, According to  f i g u r e  6-4, t h i s  row 
corresFonds t o  the  s i x t h  freedom (the RZ freedom) of node number 
11. 

The  r o w  numbers of the free-free s t i f f n e s s  matrix p a r t i t i o n  

0 . 2  -2 Requested Printout 

Milny csptiuns a re  provided f o r  requesting formatted pr intout  
02 selected model-def i n i t i o n  input data, analysis r e su l t s ,  and 
ddta iutrices, In a l l  cases, data pr intouts  are generated only 
upon user request by including t h e  appropriate ' I ? R I N T I t  control 
s ta tements  i n  the execution control  data. In general, there is  a 
a82)hlLNT I N P U T "  statement associated with each input data set (each 
preprocessor), and a "PRINT O U T P U P  statement associated w i t h  
each technical processor. 

Bxmples of requested pr intout  are presented i n  section 8 f o r  
a number of example problems. 

6 . 3  GRAPHICAL OUTPUT ( U s e r ' s  Manual; sec. 228) 

The GkAPilICS postprocessor produces on-line graphical 
displays on t h e  Tektronix model 4014 graphics console in addition 
t o  of i - l ine p l o t s  on the Stromberg Carlson SC4020, the CALCOMP 
Eodel 753, dnd the GXRBER draf t ing  machine. A l l  ATmS technical 
data plots a re  createa ~y using t h i s  module. Execution of the 
GkkPHlCCS postprocessor can be performed i n  the in te rac t ive  mode 
cind i n  the batch mode. The user is provided With a passive 
ii,teractive graphics capabi l i ty  which enables p lo ts  t o  be viewed 
between problem-solution s teps  for ver i f ica t ion  of the technical  
analysis process 
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DATE 7 8 / 0 U / l l  PICE 1 

1 -  ll 1 2 3 4  
3 - 10 rr - -r6 

17 0 22 
23 - 26 
29 - 34 
35 - (10 
41 - llb 
ST 0 S2 
53 - 50 
19 - 40 

5 
1 1  
17 
23 
29 
35 
0 1  

-4 t 
53 

6 
12- 
18 
211 
34 
36 
42 
P S  
54 

t 
15 
19 
25 
31  
37 
4 3  
UP 
s5 

8 
14 
20 
2 1  
5t' 
38 
uu 
'5 0 
Sb 

9 
1 5  
21 
a7 
33 
39  
45 
3t 
57 
59 

i a  

28 

I6 
22 

34- 
90 
U b  
S;r 
58 
60 

1 1 
2 2 
3 .3 
4 4 
5 5 
4- 6 
7 7 
8 8 
0 9 

10 LO 
11 1 1  

RUN T I M E  FOR A8OVE OVCRLAYX ,352 CP SECOND38 

Figure 6-4. Parti  t ion 1,l  Row/Freedom Correspondence Table 
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Figure 6-5. Pivot-Decay Solution Accuracy Pessage I 
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The conversational dialog used during interact ive-graphics  
processing is conducted v i a  menus.. These menus allow the user  to 
select which p l o t s  are t o  be displayed on the scope OF the 
console, generate  d i f f e r e n t  d i sp lays  of selected data, and 
enlarge se lec ted  areas of on-line p l o t s  by zooming. Selected 
hardcopy p l o t s  can be generated on-line by using a hardcopy u n i t  
t h a t  is cmpatible w i t h  the Tektronix 40 4 Additionally, 
selected p l o t s  viewed on t h e  screen can be directed to one of the 
off - l ine  p l o t  devices (sc4020, CALCNP or GERBER) t o  obtain a 
higher-quality hardcopy p r i n t  .I These on-line graphics f a c i l i t i e s  
complement those c a p a b i l i t i e s  provided by t he  GRAPHICS 
postprocessor f o r  c rea t ion  of p l o t s  

t o  generate ATLAS p l o t s ,  
The following t w o  execution-control statements are required 

EXECUTE EXTRACT ( P l i s t )  
EXECUTE GRAPHICS ( P l i s t t  

I 

The EXTRACT statement i s  used t o  select the input  data  and/or 
data previously calculated by another ATLAS processor that are t o  
be aisplayed graphical ly .  Parameters spec i f ied  i n  the  GRAPHICS 
statentent @'?list'* are used to  iden t i fy  h o w  the  da ta  are  t o  be 
displayed Only one off -line p l o t t i n g  aevice can be i d e n t i f i e d  
per job and, when used, it must be iden t i f i ed  by the PLOTFIL job 
cont ro l  card as described i n  sec t ion  7. This single-device 
l imi ta t ion  is inherent  t o  the computer operating system, 

Those blocks of da t a  t h a t  are required for  generating 
pa r t i cu la r  p l o t  types, and which must be extracted t o  create a 
p lo t ,  are i d e n t i f i e d  by standard l abe l  subsets ,  A label subset  
name is spec i f ied  in the EXTRACT statement g E P l i s t t *  t o  iden t i fy  
which data  components associclted with t h e  mathematical model are 
t o  be extracted.  Table 6 - 3  i d e n t i f i e s  which label subset name 
should be used t o  create a pa r t i cu la r  type of plot .  
extracted data block i s  i d e n t i f i e d  by a user-assigned label using 
t h e  EXNAME parameter i n  t h e  EXTRACT ' @ P l i s t e w  l t i p l e  plots can 
be generated from the  block of data  associated w i t h  an EXNAME, 

Each 

The extracted data  may be i d e n t i f i e d  e x p l i c i t l y  or they may 
be associated w i t h  user-selected geometric regions of the 
mathematical model. Regions are defined as node and/or element 
subsets  of the  model by input  of a SUBSET DEFINITION data  set as  
described i n  sect ion 156 of the  UserBs Manual, Some of the  da t a  
components are dependent on loadcases, mass-distribultion 
conditions, f l u t t e r  condi t ions,  etc. Extract ion of data  values 
associated w i t h  subsets of cases or condi t ions is control led by 
the EXTRACT statement parameters as described i n  sect ion 218 of 
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Table 6-3. Standard Label Subsets as Used to Create Data Plots  

STANDARD 11 DATA PLOT TO BE GENERATED 
LABEL.-SUBSET 

I I  NAME (ref. Tabla  6-4 ) 

pe displacements 

Stiffness element properties 
K P R O P  on structural grid 
L O ~ O ~ B  Fuellpayload loadabil ity diagrams 

N G R l D  Mass finite-element grid 

H O D E S  Nodes without grid 

"Strength designed" element- 
property nargins o f  safety on 
structural w i d  s us 

SJRESS Stresses on structural grid 
I 1  

Tu S 
"Thermal -designed" element- 
property margins of safety on 
structural grid 

Velocity-damping (V-9) and 
velocity-frequency (V-f) graphs 

displacements at retained nodes 

e 
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t h e  U s e r * s  Manual, By appropriate  s e l ec t ion  of label subsets ,  
regions of the mathematical m o d e l  (node/elemnt subse t s ) ,  and 
case/condition subsets ,  t h e  user  may e x t r a c t  any number of input  
and calculated data values  for crea t ing  p ots -  An extracted data 
block may include anywhere from one data value up t o  a l l  data 
values associated w i t h  a mathematical m o d e l .  

A summary of the types of plots tha t  can be created from the 
extracted technica l  da t a  i d e n t i f i e d  by t he  standard label subset 
names is shown i n  table  6-4, Descript ions and examples of the 
var ious display options are presented i n  sect ion 6.3-1. 

n P l i s t n  include the  following : 
Execution parameters specified by the GRAPHICS s ta tement  

a) The EXBAME data block name t o  be used to  generate the 
plot 

b) Plot u n i t ;  ei ther on-line or an off-l ine plot device 

c) P lo t  type;  ei ther orthographic,  contour, graph o r  matrix 

d )  P l o t  s i z e  or scale 

e) Viewing posi t ion 

f )  P l o t  label ing inf omat ion  

Detailed descr ipt ions of the use and c a p a b i l i t i e s  of the GRAPHICS 
postprocessor are presented i n  sec t ion  228 of the U s e r %  Manual- 

6 . 3  - 1 Display Options 

The following p l o t  types, as  iden t i f i ed  i n  table 6-4, are 
described below by using example p lo ts .  

a )  Undef ormed Geometry 
b) D e f o r m e d  G e o m e t r y  
c) Scalar-Grid 
d) Contour 
e) Graph 
€1 Matrix 

Undeformed Geometry Plots 
8 

The geometry of t h e  nodes and f i n i t e  elements used t o  defiine 
structural and m a s s  models can be p lo t ted  t o  any scale and 
r e l a t i v e  to  any viewing pos i t ion  as sele ted by the user. 
Pictor ia l ,  GLOBAL-axis, and explotied vie s of the  m o d e l  are 
created using orthographic projectione 
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N o d e s  can be displayed either as 

a) a network of points ,  or 

b) a network of points  annotated w i t h  node numbers as shown 
i n  figure 6-6. 

S t i f f n e s s  and mass f i n i t e  element g r i d s  can be displayed 
using any of t h e  following opt ions,  

a) Straight  l i n e  segments denoting the nodal connect ivi ty  

b) Same as (a) with node numbers 

c) Same as (a) w i t h  element numbers a s  shown i n  figure 6-3 

df Same as (a) with element-type numbers (l=RODr 2=BEAM, 

e) Same as  (c) plus node numbers 

etc. 1 
I 

f )  Same as (a) plus node numbers 

Elements w i t h  o f f s e t s  can be displayed either i n  the offset  
posi t ion or by connect ivi ty  of only t h e  s t r u c t u r a l  nodes used t o  
def ine  t h e  element. 

An "exploded v i e w t c  of t h e  nodes and/or s t i f f n e s s  and mass 
elements of a Model can be created.  The relative pos i t ion  
(separation) and o r i en ta t ion  of each component of t h e  'texploded') 
model are specif ied f o r  a number of d i f f e r e n t  node and element 
subsets.  An example is shown i n  f igure  6-8. The, p lo t  opt ions 
selected t o  display t h e  individual  node and/or element subse ts  
cd~f be d i f f e r e n t ,  

6.3.1.2 Deformed Geometry 'Plots 

T k !  deformed geometry of a s t a t i c a l l y  loaded model, vibra t ion  
mode shapes and genera l - ins tab i l i ty  buckling mode shapes can be 
p lo t ted  t o  any scale and relative t o  any Viewing posi t ion as  
selected by the user. Pictor ia l  and GLOBAL-axis views of the 
model are created using orthographic project ion.  
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Figure 6-6. Point P l o t  o f  Nodes 

OFFLINE 

SCALE 9 11S.Sl7 

SCALE-X 6 111.097 

EXNAME = K1El KSET = 1 NSUB = NO11 

ESUB - EO01 LSUB = KGRID 

Figure 6-7. Element Grid with Element Numbers 

BOEING COMMERCIAL AIRPLANE COMPANY 
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Figure 6-8. Exploded Geometry P l o t  
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, 

options provided for c rea t ing  deformed geometry p l o t s  

Points plus vectors  -- The p o i n t s  i den t i fy  the 
undisplaced nodes, and t h e  scaled vectors, which s t a r t  
a t  the nodes, represent  the corresponding displacements 
(see fig.. 6-9a) 

Undeformed g r i d  plus  vectors  -- Straight  l i ne  segments 
denoting the nodal connectivity of the undeformed rnodel 
plus vectors  t h a t  represent the nodal displacements (see 
fig, 6-!3b), 

Deformed g r i d  -- Dashed, s t r a i g h t  l i n e  segments denoting 
the nodal connect ivi ty  of t he  deformed m o d e l  as shown by 
f igure  6-9cD 

Undeformed g r i d  plus t h e  deformed grid ( f i g .  6-9d). 

Undeformed and deformed grids plus vectors, as shown by 
f igu re  6-9e. 

Addit ional  options are provided for l abe l ing  the nodes and/or 
elements i n  the plots .  

6 .3 .1 .3  Scalar-Grid Plots 

The following data values can be displayed as scalar 
ordinates  superimposed on an orthographic plot of a s t r u c t u r a l  
element g r i d  

a} S t i f f  ness element propert ies  

bf Element stress components 

c) Element property x6argins o f . s a f e t y  as calculated by t h e  
DESIGN processor 

For a selected element type, e i t h e r  one propertyl one stress 
component for a selected loadcase, or one minimum margin of 
safety fo r  a selected design cycle  can be displayed as the  scalar 
ordinate-  The ordinates  are plotted a t  r i g h t  angles t o  t h e  



m 1 
m 

I 
0 

e 

( a )  Poin ts  plus  Vectors 

I 
I 
I 
I 
I 
I 

8 

( c )  Deformed Grid 

I 
I 

I 
I 
I 
I 
I 

(b) Undeformed Grid 
p lus  Vectors 

(d )  Undeformed and 
Deformed Grids 

( e )  Undeformed and Deformed Grids plus Vectors 

Figure 6-9. Deformed Geometry P l o t  Options 
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display plane and a t  the  element c.g. locations. The total 
display is reoriented automatically to a predefined position t o  
generate a meaningful view of the data, 
plot scales, as well as  node and/or element labeling are selected 
by the user .  An example scalar-grid p lo t  is shawn by figure 6 -  
10. 

The viewing position, 

Figure 6-70. Example Scalar - G r i d  Plot 

6 - 3 -  1.4 Contour Plots 

T h e  following data values can be displayed ‘as isocurves 
superimposed on dn orthographic plot of the structural element 
grid.  

a)  S t i f f  ness element properties 

b) Element stress components 

c) Element property margins of sa fe ty  as  calculated by t h e  
DESIGN processor 

For a selectea element type, either one property, one stress 
component for  a selected loadcase, or one ininhum margin of 
safety for a selected design cycle can be displayed, Each 
plotted isocurve depicts a constant level of the  selected data 
value. Values of the sca la r  data component t o  be plotted a r e  
associated with the element c.g. locations. The viewing 
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posit ion,  p l o t  scales, as w e l l  as the  isomrve in te rva ls  a re  
selected by t h e  user. 

T w  algorithms are provided for  generating contour plots as 
described b e l o w .  

-- The rectangular boundary of t h e  
efined by t h e  minimum and maximum 

coordinates of t h e  data  points,  D a t a  values are 
interpolated t o  t h e  in t e r sec t ion  points  of a uniform 
gr id  within t h e  rectangular boundary p r i o r  t o  generating 
isocurves, The uniform grid,  displaced according t o  the 
interpolated da ta  values, can be displayed in addi t ion 
t o  t h e  contour p l o t  as  shown i n  f igure 6-11a. 

Trianqular Mesh -- The boundary of the  contour p l o t  is 
defined by a sequence of nodes which, when connected i n  
the specif ied order, es tab l i shes  the boundary. Using 
t h e  boundary nodes and t h e  projected data  points', t h e  
program automdtically generates a mesh of adjacent 
t r i ang le s  over t h e  enclosed reqion.. Data values a r e  
interpolated l i n e a r l y  during generation of the  
isocurves. The t r iangulated g r i d  can be displayed i n  
addition t o  t h e  contour plot as shown in  f igure 6-17b. 

Graph Plots  

Graphs of t h e  following data  values can be created. 

a)  One stress component for a se lec ted  element type versus 
loadcase (see f i g .  6-12a). 

b) One minimum margin of safe ty ,  as  calculated by t h e  
DESIGN processor, for a selected element type versus 
design cycle 

c) Velocity-damping (V-g) and velocity-frequency (V-f} 
plots of f l u t t e r  solut ions f o r  selected f l i g h t  
conditions as shown by f igures  6-12b and 6-12c. 

d] Loadability diagrams showing how t h e  c.9. location of 
the model moves with respect t o  user-specified 
passenger, cargo, and f u e l  loading management da ta  (see 
f i g ,  6-12d). 
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Displaced G r i d  

Contour P lo t  

I 

( a )  Rectangular Mesh and Boundary 

Triangulated Grid 

1 .02 

.04 

.06 

Contour Plot 

0 .zo 
A . l I  
B .I4 

( b )  Triangular Mesh and I r regular  Boundary 

Figure 6-11. Contour P lo t  Options 
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( a )  Element Stress vs. Loadcase 

YELMITY (KNOTS 16) AT ALT = 34000 

( b )  F lu t te r  V-g Graph 

VELOCITY (KNOTS TAS) AT ALT * YWO 

(c)  Flutter V - f  Graph 

GROSS UEIGHT - 1m 

( d )  Loadabi 1 i t y  D i  agram 

Figure 6-12. Example Graph Plots 
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6-3.1.6 Matrix D a t a  Plots 

Any ATLAS data  matrix can be displayed graphically as 
i l l u s t r a t e d  by f igu re  6-13- 

6.3.2 In t e rac t ive  Graphics 

The GFUPHICS postprocessor can be executed in t e rac t ive ly  by 
using a Tektronix model 4014 graphics terminal,  The on-line 
graphics f a c i l i t i e s  provided by the interact ive-execut ion mode 
complement those graphical-display c a p a b i l i t i e s  provided by the 
EXhCUTE GRAPHICS statement. Those addi t iona l  funct ions t h a t  can 
be performed in t e rac t ive ly  include the following: 

a) Display selected plots on the terminal screen 

R)  Generate i n s t a n t  hardcopy p l o t s  of se lec ted  displays as 
shown on t h e  terminal  screen-  A hardcopy u n i t  t h a t  is 
compatible with t h e  Tektronix 4014 must be used. 

c) Create new displays of se lec ted  p l o t s  via zooming and 
ro ta t ion ,  

d) Enlarge selected regions of on-line p lo t s  by zooming, 

e) Select p l o t s  t o  be generated by m e  of t h e  of f - l ine  
p lo t t i ng  devices (SC4020, CALCOMP or GERBER) 

If ATLAS is being executed by a graphics  t e m i n a l ,  t h e  
in t e rac t ive  conversational mode i s  ac t iva ted  automatically f o r  
each EXECUTE GRAPHICS statement i n  t h e  execution-control data  
deck. A t  t h i s  point,  addi t iona l  p lo t  d i r ec t ives  can be input  
using the keyboard. 

Any of. t h e  p lo t  types described i n  sec t ion  6-3.1 can be 
displayed and Inardpulated using t h e  i n t e r a c t i v e  graphics 
capab i l i t i e s ,  The engineer conducts an in t e rac t ive  dialog with 
t h e  GRAPHICS postprocessor by using a funct ion menu, t w o  p l o t  
d i r ec to r i e s ,  and a plot transformation menu as described below. 

a)  Function Menu -- A list of execution functions,  as shown 
in f igu re  6-14, from which user-select ions are made on- 
line. 

23) GNAME Directory (G-I)) -- The G-D contains  a list of t h e  
user-specified p l o t  group names, GNAM.ES, as defined by 
EXECUTE GRAPHICS statements. Figure 6-75 shows a 
typ ica l  G-D. After a GNAME is selected f r o m  the G-D, 
the corresponding Plot I D  Directory is displayed. 
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KEV 

F8.1 

F8.Z 

FB.3 

FB.4 

FB.5 

F8.6 

F8.7 

FB.8 

fB.9 

m.10 

FB.ll 

FB.12 

- OESCRIPTION 

EXECUTE CURRENT m u  SELECTIOH(S) 

DISPLAY FUNCTION WENU 

D I S U V  6NAE(E OlRECTORY (6-0) 

D l S p U Y  PLOT I D  OlRECTORV ( P - 1 4 )  FOR THE GNfflE SELECTED FRW C-0 

OISPLAV REYAINING PLOTS FOR THIS STATENEM ONLINE ONLY (ENTER F8.5 N I C E )  

DISPLAY NEXT PLOT ONLINE ONLY 

YRITE PLOTS SELECTED BY A STRING OF 1P.N CCMMDS ONTO V / F  YZTHWI O N L I N E  DISPLAY 

DISPLAV PLOT TRANSFORPATIOW MENU ( P - 1 4 )  TO R9TATE AND/OR ZWH 

INPUT TRANSFORPATION PAMETERS YITHWT P - 1 4  OISPLAI 

ZoOn CURRENT PLOT VIA CROSSHAIRS 

DISPLAY DEFORHEO GRID OR TRIANWLATED REGION FOR A c M ( I w R  PLOT 

Rmuul TO ATLAS CONTROL PRMIRIV( 

STOP A T U S  EXECUTlW (ENTER FB.13 TNICE) 

Figure 6-14. Graphics Function Menu Opt ions  

GHAHE DIRECTORY 

Figure 6-15. Typical GNAME Directory 

PLOT I D  DIRECTORY FOR GHAME=GEOHETRY 

I. WING.GEOMETRY 2. BODY ,GEOMETRY 1 I 
3. VTAIL,GEOMETRY 1 4. HTAIL.GE0METRY 
5. HACELLE,GEOMETRY I 6. MOCEL5.GE014ETRY. LC=DI VE I 

I 

17. ROUGH,GEOMETRY.LC=TAXI ] 8. COND3,MOOE SHAPE NO. 5 ] 
IS. MASS2,GEOMETRY [IO. EXPLODED GEOMETRY I 

Figure 6-16. Typical P lo t  ID Directory 
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c) Plot ID Directory ( P-I-D) -- A P-I-D is generated 
automatically for each tiNAME. Each P-I-D contains  a 
list of i d e n t i f i e r s ,  one fo r  each plot  associated with 
the selected GNAME, 
6-16 The p l o t  t h a t  is t o  be viewed/manipulated on-line 
is se lec ted  from t h i s  directory.  

A t y p i c a l  P-I-D is shown in figure 

d)  P l o t  Transformation Menu (P-T-N) -- A l ist  of paraxieters 
t h a t  can be modified such that the s e l e c t e d  p l o t  can be 
ro ta ted  and/or zoomed t o  create a new display (see fig. 
6-17). Zooming a selected region of an on-line p l o t  can 
also be performed by using t h e  c rossha i rs  provided by 
t h e  Tektronix 4014, 

The interact ive-graphics  execution mode is i den t i f i ed  by the 
prompt character  

I> 

displayed a t  t h e  beginning of each l i n e  on t h e  terminal screen. 
A t  this point ,  d graphics execution d i r e c t i v e  is entered from the 
keyboard- The  format of t h e  user commanus for making se lec t ions  
from the menus and d i r ec to r i e s ,  and for modifying the  p l o t  
transforrnation parameters are summarized b e l o w .  

U s e r  Command A p p l i c a b l e  Menu 

FB,n Function Menu 
LP,n G-D or  P-I-D 
Word l=x .x<,Word2=y ,y> Plot  Transformation Menu (P-T-M) 

The characters l*FBtC and @*LPt@ are input as shown, in l i e u  of 
function buttons and a light pen which are associated with the 
more expensive, usual ly  ref  reshable, graphics terminals.  The 
integer t h a t  is input for r%rc i d e n t i f i e s  a par t i cu la r  en t ry  i n  
t h e  corresponding menu or  d i r ec to ry  previously selected by an 
rtFIj,n*r conanand. A plot transformation parameter is input a s  a 
key-word followed by an equal s i g n  and a decimal number, " x . x W  or 
@,y.yo t h a t  i s  t o  be assigned to t h e  parameter, 

Multiple commands can be concatenated by using semicolons as 
command delimiters,  Each command or string of commands i s  
terminated by depressing t h e  CR (carr iage return)  key, Typical 
command formats are: 

1>m, 4 CR 
I>LP, 3;FB, 1 CR 
~>FB,9;RY=~O.,RX=45.,RZ=O.O;FB,l CR 



W A T l O N  ~1 
6 Y2 0. 

zO(w 

7 m1N * 0. 

8XIIAX* 4a. 

9 min = 0. 

1 0 M  - so. 
11 MIll = 0. 

12 DUI . 20. 

E n m  ~ Y - y o I I p ~ . x I  10 RESEl A PATMETER (L.G.. RWS.0). 

\ 

Figure 6-17. Plot  Transformation Menu 

RoTATlM( 

1 R X  . 0. 

2 RV - 0. 

3 RZ . 0. 

4 vx - D - = - 1 .  

5 V I  = -1. 

6yZ -=1 .  1 

Figure 6-18. Example Use of the P l o t  Transformation Menu 
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T o  i l l u s t r a t e  the user commands and a typical in t e rac t ive  
dialog, assume the  GNAMES shown by f igu re  6-15 have been defined 
by previously executed GRAPHICS statements,  Furthermore, assume 
that the displays fo r  GNAME=GEOMETRY are iden t i f i ed  by t h e  P-1-3 
shown by f igure  6-16. 

Upon enter ing the  in t e rac t ive  m o d e ,  the G-D menu is displayed 
on t h e  screen ( f i g .  6-15). To v i e w  t h e  p lo t s  associated w i t h  t h e  
GEONETRY p l o t  grouping, for this example, the user  enters t h e  
comtand 

I>U, 1 ;FB, i CR 

The selected GNAME is i d e n t i f i e d  by a cross appearing on the  
screen automatically,  followed by a d isp lay  of t h e  corresponding 
P-f-D ( f ig .  6-16 ) .  

All p l o t s  defined under t h e  user-selected GNAME are 
iden t i f i ed  i n  t h e  P-I-U. To display one of these plots on the  
screen, a se l ec t ion  i s  made by tke " L P , ~ "  command, 
example, i f  t he  user  en te r s  

~hus,' for 

the selected plot title is iden t i f i ed  by a cross on the screen 
followed by generation of the  on-line plot..  

A p lo t  t h a t  has been generated on the screen can be 
transformed (rotated and/or zoomed) t o  create a new display of 
t h e  same data. The funct ion comnands FB,8, FB,9 and m,10 are 
used t o  perform transformations. 

To  display t he  P l o t  Transformation Menu, the 8ollowing 
command is  entered: 

The c u r r e n t  values  of the orientation parameters and the X-Y-Z 
coordinate l i m i t s  for t h e  plot are shown in the P-T-M, as  
i l l u s t r a t e d  by f igure  6-17. 

T o  reset the values  of the transformation parameters, the 
user may en ter ,  f o r  examplec the following commands: 
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Updated values are displayed t o  the  r i g h t  of the or ig ina l  values, 
which are crossed out as shown by f igure  6-18, and the new 
display is generated automatically on the  screen. 

For t h i s  example, a new viewing d i rec t ion  w a s  selected i n  
addition to zooming i n  on the 2-coordicate l i n u t s  of the plot. 
It should be noted t h a t  the zoom parameters are ef fec t ive  i n  
three dimensions. Thus, the or ig ina l  plot from which a zoomed 
display is generated can be recreated by resetting the values of 
t h e  transformation parameters. 

Transformation of a plot that has been generated on the  
screen can be performed without displaying the P-T-M, 
example, the commands 

For 

could be used instead of the t w o  foregoing l i n e s  of conanands t o  
produce the same r e s u l t ,  

The crosshairs  provided by the Tektronix 4014 can be used to 
zoom a display shown on the screen. To ac t iva te  the crosshairs ,  
the  following command is  entered: 

A t t e r  the  horizontal  and ver t i ca l  crosshairs are positioned to  
ident i fy  t h e  zoomed area,  the windowed portion of the display is 
then generated such that the zoomed area  covers t h e  screen, 
Figure 6-19 i l l u s t r a t e s  a display that is zoomed by use of the 
crosshair s . 

When the in te rac t ive  dialog is completed, execution control  
is returned t o  the  Control Program by the  following comand: 

x>m, 12 CR 

The control statement i imediately following the l as t  executed 
GRAPHICS statement i n  the Control Program is then performed, 

T h e  E 5 #  13 command a l l o w s  the  user t o  abort subsequent 
execution of t h e  current  ATLAS jobe Generally, t h i s  option is 
used on ly  when uncorrectable anomalies have been detected i n  t h e  
problem data by viewing the graphical displays on-line, 

6 - 3 3  



-7 
Figure 6-19. Zoomed On-line Display 
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6.4 INTERACTIVE PROCESSING ( U s e r ' s  Manual; sec. 200) 

In te rac t ive  Control-Program processing is ini t ia ted by use of 
the ATLAS control  statement INTERACTIVE CONTROL as described i n  
sec t ion  6.1, In  this mode of system execution, t h e  following 
a c t i v i t i e s  can be performed using a remote computer terminal: 

I 

a )  D a t a  and cont ro l  f i l e s  can be defined, interrogated and 
modified by edit  c a p a b i l i t i e s  inherent  t o  the ATLAS 
INTERACTIVE: CONTROL module, 

b) Control commands can be spec i f i ed  in te rac t ive ly  t o  
direct on-line execution of any ATLAS System mdule and 
t o  cont ro l  data management funct ions.  

All i n t e rac t ive  execution directives a r e  referenced as ATLAS 
control  comands. The syntax of these commands is s i m i l a r  t o  
that  of t he  ATLAS execution-control statements described in 
sec t ion  6 . 1 .  
of the User's Manual. 

Detai led descr ipt ions are presented i n  se,ction 200 

Each control command may be executed immdiately a f t e r  it i s  
input  by t h e  terminal.  Alternat ively,  mult iple  commands may be 
entered and s tored  t o  create a command procedure p r io r  t o  
execution thereof. A command procedure can c a l l  ( i n i t i a t e  
execution) another command procedure, They can be nested 
(concatenated) t o  form a maximum of 10 procedure levels. 

T h r e e  modes of interactive processing are ident i f ied :  

a) ATLAS mode -- T h e  basic m o d e  f o r  monitoring a l l  
i n t e rac t ive  processing. This  mode is entered either 
from the  Control Program via  an INTERACTIVE CONTROL 
statement or f r o m  a higher-level command procedure v i a  
execution of d RETURN or REVEIiT cornand- 

S )  EDIT mode -- Entered from the  ATLAS m o d e  v i a  the command 
&EDIT t o  c rea t e  and edit e i t h e r  data f i les  or execution- 
control f i l e s  

c) EXECUTE mode -- Entered f r o m  the ATLAS mode via the 
execute symbol- Execution of a l l  control  commands is 
monitored by t h i s  mode. 

The ATLkS mode is re-entered upon completion of act ivi t ies  
performed i n  either t h e  EDIT or  t h e  EXECUTZ m o d e .  The funct ions 
of the processing modes, as illustrated in f igure  6-20, are 
described below e 
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Monitor control comands 
during execution of the Input Sub-Mode 

e Create model -definition data f i l e s  ATLAS modules 

@ Create FILE comnd procedures FULL Sub-Mode --Execute the procedure 
without terminal interruptions 

STEP Sub-Mode --Return control to the terminal 
0 E d i t  data and control f i l e s  after processing each command 

Edi t  Sub-Mode 

Figure 6-20. I n t e r a c t i v e  Execut ion Contro l  and Processing Functions 
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6.4.1 ATLAS Xnteractive M o d e  

A l l  i n t e r a c t i v e  processing is  monitored from t h e  ATLAS mode, 
T h i s  mode is iden t i f i ed  by t h e  prompt character  

displayed a t  t h e  beginning of each l i n e  on t h e  terminal screen,  
A t  t h i s  point ,  an ATLAS command is  entered using the  keyboard, 
If the command is t o  be executed immediately, the  execute symbol 
"#** should be typed, followed by depressing t h e  CR (carr iage 
return)  Key. I f  t h e  command is t o  be s tored  for subsequent 
execution, t he  symbol "#IE should not  be input .  Multiple commands 
entered without the  trY'B symbol def ine a TTY command procedure. 

Entry of the  execute symbol r r # w *  i n i t i a t e s  processing of a 
command procedure e Durinq execution of the procedure, con t ro l  
a c t i v i t y  may be reverted t o  the ATLAS mode from t h e  EXECUTE mode 
a t  user-selected i n t e r r u p t  points  within the procedure, 

Special  "pr ior i tyn  commands may be entered in  t h e  ATLAS mode 
t o  chiange the central-memory f i e l d  length,  t o  en ter  t h e  EDIT 
moue, or t o  e d i t  the  l as t  rrnrs l i n e s  entered by the  keyboard. 
P r io r i ty  comands are processed immediately followed by the ATLAS 
mode being resumed for  fu r the r  processing of control  commands. 

6 .4 -2  EDIT In t e rac t ive  M e  

The EDIT mode is entered frorn the ATLAS mode by input of the 
"&EDIT'* p r i o r i t y  command, The  ed i to r  operates in e i t h e r  the 
input  sub-mode or  the eait sub-mode i d e n t i f i e d  by t h e  prompt 
characters  

I> or E> 

The e d i t  capab i l i t i e s ,  as skmar ized  . i n  t a b l e  6-5 
i n  detai l  i n  appendix H of the U s e r ' s  Manual, 

are described 

The EDXT program can be used t o  e d i t  f i l e s  of l i n e  images- 
E d c h  f i l e  may contain any number of l o g i c a l  records,  Each 
log ica l  record may contain any number of l i n e  images and each 
l i n e  may contain 1 t o  740 characters, The program uses a system 
of requests  t o  locate  a spec i f i c  l i n e  and/or t o  perform a desired 
modification, inser t ion ,  or delet ion.  Each EDIT request cons is t s  
ot the request  name, followed by parameters as needed, Spec i f i c  
l i n e s  i n  a f i l e  are referenced by means of a pointer .  The 
pointer  may be moved by execution of s p e c i f i c  requests  and is  
used by other  requests.  The pointer  is not v i s i b l e  t o  t h e  user ,  
but  he can eas i ly  determine i t s  pos i t ion  i n  the f i l e  a t  any t h e  
by using the PRINT request ,  



Table 6-5. Summary of the ATLAS Text-Editor Requests 

gnvAror_rte~g S e l e c t i o n :  

ZNPUT 

QUIT 

Mgssgge Mode-Selection; 

giiIEF a b 
VEPXFY n 

&in_ter Movement: 

BOTTOM - F I N D  l i n e  
LOCATE : s t r i n g l : s t r i n g 2 :  ... 
EEXT n 
NEXT : s t r i n q l  :s t r ing2: .  . . - TOP - U P  n 
g? : s t r ing l : s t r ingZ: .  .. 
M o d i f i c a t i o n  of Line  ItraqeS: 

- AFTER : s t r i n g l : s t r i n g 2 :  n m 
EXFORE : s t r i n g l : s t r i n g Z :  n m 
BLANX mask 
~ E A N G E  : s t r i n g ? :  s t r i n q 2 :  n IF - DELETE n 
DELETE : s t r i n q l : s t r i n g Z :  ... 
&ERT l i n e  
QVZRLAY l i n e  - REPLACE l i n e  

( t y p e  a @I 

-___------------I--- 

--------- F i l e  Handling; 

--- F I L E  f i lename un pw - SAVE f i lename un pw 

I n f o r m a t i o n  Reguest; 

- PRINT n - PRINT : s t r i n g l : s t r i n g 2 : .  . . 
----------- - 

- e n t e r  i n p u t  node 

- l e a v e  EDIT 
- r e t u r n  from i n p t  mode 

-BRIEF mode 
-VERIFY mode 

-go to bottcr  of f i l e  
- search  for  l i n e  
- s e a r c h  f o r  a s t r i n g  
-advance n l i n e s  
-advance to a s t r i n g  
-go t o  t o p  of f i l e  
-go U F  n Lines  
-go US to a s t r i n g  

- i n s e r t  s t r i n g 2  a f t e r  s t r i n g l  
- i n s e r t  s t r i n g 2  bEfore  s t r i n g l  
-blank o u t  c h a r a c t e r s  
-change s t r i n g l  t o  s t r i n g 2  
- d e l e t e  n l i n e s  
- d e l e t e  u n t i l  a s t r i n g  is found 
- i n s e r t  " l i n e "  as l i n e  image 
-over lay  c h a r a c t e r s  
- r e p l a c e  l i n e  image w i t h  **l ine" 

- save  f i l e  and l e a v e  EDIT 
- save  f i l e  and r e t u r n  t o  i n p t  

mode 

- F r i n t  n l i n e s  
- F r i n t  t o  a s t r i n g  

SDecia l  C h a r a c t e r  and Format Conventions: 

&XN&ND c h a r a c t e r  -change end-of - l ine  c h a r a c t e r  
TABDEF c h a r a c t e r  -change t a b  c h a r a c t e r  
T-ET n l  n2 . .. nn -change t a b  s e t t i n g s  
WIDTH n - s F e c i f y  l i n e  l e n g t h  
ZONE a b - s p e c i f y  1st and last colutrns - 
E29&-QESESL52ISL 

-- START - END 

EOVE --- REMOVE 

QUP 

- d e f i n e  s t a r t  o f  b lock  
- d e f i n e  end of b lock  
- d u p l i c a t e  b lock  
-move b lock  
- d e l e t e  b l o c k  

y&&laneous: 

REPEAT n 

X / reques t l / reques tZ/ .  . . - save  r e q u e s t s  
X n  -execute  saved  r e q u e s t s  n times 
Y / r e q u e s t l / r e q u e s t 2 / .  .. -same as X 
Y n  -same as X 

- r e p e a t  BLANX and OVERLAY --- 
r e q u e s t s  

I 
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Comnand procedures created i n  the EDXT mode are referenced as 
FILE procedures. An image of t h e  cmmands is stored i n  a user- 
named f i l e  which i s  subsequently processed in the ATLAS m o d e ,  

6.4,3 EXECUTE In t e rac t ive  Mode 

Processing of those cont ro l  commands that  in i t ia te  execution 
of other  ATLAS modules is monitored by the EXECUTE in t e rac t ive  
m o d e .  On-line in t e rac t ion  during the execution of a module is 
only provided during i n t e r a c t i v e  graphics as described i n  sec t ion  
6 . 3 -  

Execution of a conunand procedure is performed i n  either the 
FULL o r  STEP sub-mode, I n  the F U L L  mode, a l l  commands i n  the 
procedure are processed without any in t e r rup t ion  allowed from the 
terminal except tha t  provided by a RETURN command included i n  the 
procedure, I n  the STEP mode, control  re turns  t o  the terminal  
a t ter  processing of each command. A t  t h i s  point,  any type of 
fu r the r  ac t ion  may be i n i t i a t e d .  A new command procegure, for 
example, may be processed p r io r  t o  resuming operations on t h e  
current  procedure - 
6.4.4 Example In t e rac t ive  Processinq Session 

The Eollowing example i l l u s t r a t e s  an ATLAS i n t e rac t ive  
session where t h e  basic m o d e l  geometry i s  preprocessed and 
checked for errors using t he  i n t e r a c t i v e  graphics capabi l i ty ,  
Figure 6-21 shows the modeldef in i t ion  data deck used for t h i s  
example. 

The detected errors are corrected using the ATLaS edit 
capabi l i ty  and a plot of the final model is obtained, The 
comments enclosed within braces { f t o  describe the interactive 
processing do no t  appear on the terminal  screen during an 
i n t e r  ac t ive  se s s ion e 
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*/ MODE2 / 
BEGIN NODAL DATA 
CYL BODY 100, 0, ?OO. 100. 0. 150, 150- 0. 100. 
1002 50. 0. 0. TO 1018 50. 780. 0 .  
*+4 1000 0 .  0. 15 0 1000 0. 0, 15.. 
RESUME GLOBAL 
1010 100, 50. 100. 5. TO 1130 150, 170, ? l o .  3. BY 10 
* + 4  1000 15, 0, 0. --2 0 1000 7 . 5  0, 0. -.1 0 0 
END N O M L  DATA I 

BEGIN STIFFMESS DATA 
BEGIN ELEMENT DATA 
BbAM 1002 003 .5 ,1 .1 TO 1017 1018 
*+4 0 1000 1000 0, 0. 0 ,  0 1000 1000 
ROD 1002 2002 - 2  TO 1018 2018 
*+3 0 1000 1000 0. 0 1000 1000 
PLAm 1002 1003 2003 2002 .02 TO 1017 3078 2018 2017 
*+3 0 1000 1000 1000 1050 0, 0 1000 * = 3  
SPAR 1010 1020 ,1 2. TO 1120 1130 BY 10 30 
*+4 0 1000 1000 0. 0.  0 1000 1000 0 0 0 
CUVEX 1010 1020 2020 2010 -06 .05 TO 1120 1130 2130 2120 BY + 
10 *=3 
* + 3  0 1000 *=3 -.005 -,005 0 1000 *=3 0 0 0 0 0 
END ELENENT DATA 
END STIFFNESS DATA 
END PROBLEM DATA 

Figure 6 - 2 1 .  Data D e c k  for  Example Interactive Session 



78/05/03. 08-51 45. 
EKS2 175D NO452.09E 78/05/0f.DS-0 03.08.24. 78/05/03 
USER NUMBER (Input your account number and pass-word here] 

TELIMINAL 10, TTY 
R E C O V i f l S E R  I D  (Input your name here] 

{Get the ATLAS system files) 

N >GET ,CATM/mu =UATLASU 

N>CALL,CATM,ATTACH 

( G e t  t h e  f i l e  containing the ATLAS data deck-fig, 6-21) 

N>GET ,SGX 

Get an absolute version of a C o n t r o l  Program 

C o n t r o l  Program contains the INTERACTIVE CONTROL 
created fo r  t h e  in t e rac t ive  execution mode. 

statement. 

N>GET, CONTROL=SGCONTA 

I Switch t o  the K I T  batch mode, increase the  
f i e l d  length t o  130000 oc ta l ,  and i n i t i a t e  
AlZAS system execufion e 

N>BATCH, 130000 
C>IITLAS, SGX OUTB I OUTPUT 

gXECUTING CONTROL CP SECS .I to3 

{Preprocess the ATLAS data  deck] 

A>kEAD INPUT$# 
EXECUTING INPTOLF CP SECS .I24 
EXECUTING CONTROL UP SECS 1,446 

+++ WARNING - PREVIOUS MODULE INCREASED WARNING COUNT BY 17 
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I I n  o r d e r  t o  p l o t  t h e  model t o  i d e n t i f y  any problem, 
SUBSET D E F I N I T I O N  data must be ddded t o  t h e  da t a  deck. 
The & T U S  ed i t  c a p a b i l i t y  is used t o  create a f i l e  
(SUBFIL) that conta ins  t h e  SUBSET DEFINITION i n p u t  d a t a  
requi red  t o  d e f i n e  the p l o t s  d e s i r e d ,  

A>CEDI:T, SUBFIL 

I>BEGIN SUBSET D E F I N I T I O N  
ISZlaSBTS 02 STIFFNESS SET 1 
I > H 1  = ALL 
i>El = ALL 
bE24D SUBSET D E F I N I T I O N  
I > b N D  PROBLEM DATA 
I> 
E>FILE 

NEW FILE 

,/* 075100 OCTAL REQUIRED To E D I T  

(Preprocess t h e  SUBSET DEFINITION i n p u t  da ta )  
I 

A>HL?iD I N P U T  (I=SUBFIL,MUDE2) $ #  
hXEC'UTIfaG I N P T O L F  CP sacs 1.487 
kXLCUTIICEJG CONTROL CP SECS 1,520 

1 Execute t h e  EXTRACT postprocessor  t o  e x t r a c t  the 
nodes and elements t o  be p l o t t e d .  

A>L.XECUTE EXTRACT ( E X N B M E = G E O M , L S U B = K G ~ I D , N S ~ = N l ,  ESUB=E1) $#  
EXECUTING EXTROLF CP SECS 1,550 
LXECUTING CONTROL CP SECS 2 . 3 6 8  

The GKAPhICS postprocessor  is executed t o  d i sp lay  the 
model qeometry - f i q .  6-22 

GRAPHICS ( G N T ~ ~ E = ~ E O M , m P E = O R T H ,  EXN&YE=GEOM) $# 

The plot indicates t h a t  the d e f i n i t i o n  of the 
body c y l i n d r i c a l  coord ina te  system i s  i n  error. 
The axes a r e  o r i e n t e d  i n c o r r e c t l y .  Using the ATLAS e d i  
c a p a b i l i t y ,  t h e  coord ina te  system definition 
is corrected and saved on t h e  d a t a  file SGX, 
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PLOT ID * GEOFl . CEOlIETRY 

2 

RZ 125 
RY 9 25 
R X . 0 0  

OFFLINE 
SCALE 1/38 86 
SCeLE-X 1/45 49 
SCALE-Y 9 1/58 01 
SCALE-2 1/42 88 

!OHLINE 
SCALE - 1/38 86 
%&LE-X 9 1/45 49  
SCaLE-Y 8 1/58 01 
SCALE-Z 9 1/42 88 

NSUB = N0Bl EXNMIE 0 CEOR KSET - 1 

ESUB 9 E081 LSUB KCRID 

Figure 6-22. On-line Display o f  In i t ia l  Model Geometry 
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A>&EDIT , SGX 
E>N 3 
CyL BODY 700, 0. 100, 100, 0. 150. 150- 0, 100, 

CYL BODY 100, 0. 100. 100. 0, 150. 50, 0. 100, 

*+4 1000 0. 0, 15. 0 1000 0. 0, 15. 

E>C /150- 150, / 150- 50- / 

E>N 2 

E X  /?5./-15./ 1 * 
E>FXL.E 
*+4 1000 0. 0.  -1s- o moo o .  0. -15- 

/* 075100 0- BEQUIRED Ty) EDIT 

I The random access f i les  containing the incorrect 
data are purged, and the corrected data f i le  
is preprocesse 

=PURGE FILES (DATAII;NF,EXTRWNF) $# 
A>READ INPUT$# I 

EXECUTING I N P T O L F  CP S O S  3-301 
EXECUTING CONTRLIL CP S’ECS 4.598 

+++ I N G  - Pk3iVXOUS MODULE IIlvCREASED WARNING COUNT BY 9 

I Check the f i l e  containing the SUBSET D E F I N I T I O N  

A>&EDIT, SUBFIL 
E>P * 

BEGIN SUBSET DEFINITION 
SUBSETS OF STIFFNESS SET 1 
N7 = ALL 
E l  = ALL 
END Sb3SET DEFINITION 
END PROBLEM DATA 
EUI 

/* 075100 OCTAL REQUIRED TO EDIT 
E>FILE 

{Preprocess the SUBSET DEIPINITXON input  data] 

A>K€!AD INPUT (I=SUBFIL,XODE2) $ #  
EXECUTING INPTOLF CP SECS 4.639 
EXECUTING COMTROL CP SECS 4.634 

Execute the  EXTRACT postprocessor to  ident i fy  
the nodes and elements to be plot ted .  
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A>EXECTJTE EXTRACT (EXNAME=NEtJGEOM,LSUB=KGRID,NSUB=N1 ,ESUB=EI) $# 
EXECUTING EXTROLF CP SECS 4.707 
EXECUTING CONTROL C P  SECS 5.554 

1 The GRAPHICS postprocessor is executed to display  the 
corrected model geanetry-f ig . 6-23. I 

A > W C U T E  GRAPHICS (GNAME=PJEWGEOM, TYPE=ORTH, MNAME=NEWGEOM) $# 

GNAPIE * NEUOEOM PLOT ID * NEWCEOR. GEOMETRY 

f 
I Y p  

R2 8 125 
RY = 25 
R X - 0 0  

O F F L I M  
SCALE 9 1/37 a7 
SCALE-X 9 1 /44 33 
SCALE-V 1/56 52 
SCALE-Z 8 1 / 4 1  78 

ONL INE 
SCALE 9 1/37 87 
SCALE-X 0 1 /44  33 
SCALE-Y = 1/56 52 
SCALE-2 . 1 / 4 1  78 

EXNAPE = NEWCEOV KSET 1 NSUB = NO01 

ESUB = E001  LSUB - K C R I D  + 

F i g u r e  6-23= On-line Display of C o r r e c t e d  Model Geometry 
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I The data and model are correct; save the 
preprocessed data for l a t e r  restart. 

A S A V E  FILES$# 
EXECUTING OTPTOLF CP SECS 6,453 
EXECUTING CONTROL CP SECS 6.736 

Terminate the ATLAS interactive processing 
session, and return to the on-line 
execution of t h e  Control Program. 

A>QUIT$# 
EXECUTING GRAPOLF CP SECS 6.736 
EXZCUTING CONTROL CP SECS 6.352 

6,661 CP SECONDS EXECUTION TIME 
C> 

r 



7-0 JOB CONTROL CARDS 

The CDC 6600/CYBEZ computer system cont ro l  cards (job control  
deck) required €or execution of an  ATLAS job are described i n  
t h i s  section. The example cont ro l  cards used f o r  i l l u s t r a t i o n  
purposes are va l id  f o r  the NOS 5 .. 1 NOS 1 - 2 ,  and t he  XRONOS 2, I 
computer operating systems, Because some of the control  cards 
are dependent on the  operating system and hardware configurat ion 
of the p a r t i c u l a r  CDC i n s t a l l a t i o n ,  va r i a t ions  i n  t h e  i l l u s t r a t e d  
card formats must be accommodated by t h e  user, as necessary. 

are described i n  the  following sect ions,  Each control card 
statement -gins i n  column one of a card. The control  card deck 
is placed i n  f r o n t  of t h e  ATLAS execution-eontrol deck, as 
i l l u s t r a t e d  previously i n  f igure  4-1, pr io r  t o  submittal  of the 
job for batch execution, When executing in the  on-line o r  
i n t e r a c t i v e  modes, the job control  card statements are input 
d i r e c t l y  from the terminal  keyboard. 

The job control  decks requirea f o r  most types of ATLAS jobs 

T h e  funct ions performed by the  basic control  cards used t o  
execute m o s t  ATLAS jobs can be grouped as  follows: 

Ident i fy  tne CDC job and the  use r  account, specify t h e  
estimated computer resource requirements (the Job C a r d  
and Account Card). 

Provide access t o  the ATLAS executable codes as stored 
on the  CDC permanent files (the %E2,CATMm and t h e  

Access the user-defined ATLAS execution-control deck 
(source format),  t r a n s l a t e  i t s  user-oriented languages 
i n t o  a computer-sensible language (absolute format) 8 and 
load (enter)  t h e  r e su l t i ng  Control Program for execution 
(the 1f CALL ~ C A T M ~ C ~ ~ ~ ~ ~ ~ )  statement) 

"CALL (aTM,ATTACH) " Statem@ntS) - 

Execute ATLAS 

Save or load res tore)  t he  ATLAS data base f o r  execution 
restart of sequent ia l  ATLAS jobs, 

Create a p l o t  data f i l e  for generating of f - l ine  
graphical  displays 

ATIAS 1s designed t o  u t i l i z e  computer core dynadcal ly  so t h a t  a t  
execution t i m e ,  a l l  of the core memory t h a t  i s  made available by 
the f ie ld- length est imate  is yenerally used. The m i n i m u m  core 
requirement for ATLAS i s  approximately 9 0000 o c t a l  w o r d s ,  



Uepending on t h e  size and type of problem being executed, t h i s  
m i n i m u m  must be aujusted according t o  t h e  resource requirement 
t a b l e  presented i n  section 11 of t h e  U s e r  *s Manual. 

7.1 EXAMPLE J33 CONTROL DECKS 

The example job control decks presented below i l l u s t r a t e  many 
of the t y p i c a l  s i tuat ions encountered durinq execution of ATLAS, 
Further descr ipt ions of control card options are presented in 
section 11 of t h e  U s e r ' s  Manual. 

7 . t . l  Batch Execution -- Model and Execution D a t a  D e c k s  on Cards 

Job Card 
kc count Card 
GET (CATM/UN=UATLASU)[ 
CALL (CATM RATTACH) 
CALL (CATM CONTROL) 
Arms (pL=iooooo) 
7.1-2 Batch Execution -- Model 2nd Execution D a t a  D e c k s  

i n  Permanent Files 

Job C a r d  
Account Card 
GET (CATM/UN=UATLASU 1 
C A U  (UATM ,ATTACH) 
GET (cpf i le} 
CALL (CATM,COHTRCIL ( I N P U T = c p f  i l e )  ) 
GET (atdata) 

00000 ,atdata) 

I n  t h i s  example, the  ATLAS model-definition data  were previously 
defined and saved i n  the watdata" f i l e ,  whereas the ATLAS 
execution-control deck was previously saved i n  the "cpf i l e "  f i le .  

7-1.3 On-line FXecution -- Model and Execution Data Decks 
- i n  Permanent Files 

Log O n  Statements 
BATCH,field length,  

CALL ( CATMEATTACH) 
GET (cpf i le )  
CALL(CATM,CONTROL (INPUT=cpfile,OUTPUT=outt) ) 
GET (a tdata)  

(CATM/UN=UATLASU) 

00000,atdata,out2,OUTPUT)) 

I n  this example, pr in tout  from the compilation of t h e  ATLAS 
execution-control deck is d i rec ted  to t h e  "outlw file, During 



the  execution of ATLAS. a l l  computer printout i s  directed t o  the 
%ut2fB f i le ,  and a copy of the DAYFXLE messages is directed t o  
the OUTPUT f i l e  (i.e. , t h e  terminal screen1 . 
7-1.4 -- Usins a Control Proqram i n  Absolute Format 

When a number of ATLAS jobs are t o  be executed for solving 
similar types of problem, the Control Program can remain 
unchanged. A par t icu lar  sequence ok ATLAS execution-control 
statements for performing a stress analysis,  for example, can be 
used any number of t i m e s .  To avoid repeated t ranslat ion of the 
userts executive-control source statements i n to  absolute format 
(a computer-sensible language) during each ATLAS job, the 
absolute version of the Control Program can be stored in 
permanent f i l e  by using the following control cards d i r ec t ly  
a f t e r  the (CATM, CONTROL) " statement: 

SAVE (CONTROL=mycp) 

In  t h e  subsequent ATLAS jobs, use of t h e  absolute version of t h e  
Control Program stored in the  *'mycpm file is i l l u s t r a t ed  by the 
following job control deck, 

I 

Job C a r d  
Account Card 
GET (CATM/UN=UATLASU) 

GET (CONTHOL=mycp) 
C m  (CATM,ATTACH) 

ATLAS (PL= 1 0 00 0 0 ) 

7 (. 7.5 Job Execution Checkpoint 

The .ATLAS input data and calculated data cah be saved for 
restart of problem analysis by a subsequent ATLAS job. Data t o  
be saved are i d e n t i f i e d  by t h e  SAVE execution-control statements 
(see sec. 6 )  .. The t o t a l  ATLAS data base or selected blocks of 
data residing i n  the ATLAS data base can optionally be saved a t  
multiple po in t s  within the sequence of execution-control 
statements, Checkpoints can only be established between 
executions of ATLAS modules, Intramodule checkpoints are not 
provided 

Selected checkpoint data for s m a l l  jobs can be stored i n  a 
permanent file by using the following control card after t h e  

job control card. 

SAVE; (Save f i l e  = j ob 1) 

The name of "Savefiler@ must be one of t h e  ATLAS restart f i l e  
names its ident i f ied by the corresponding SAVE execution-control 



statement(s) . The selected data are stored i n  the user-assigned 
la jobl (It permanent f i l e  .) 

For a la rge  job, t h e  selected checkpoint data should be saved 
on magnetic tape  by using the following control cards after: the 
"ATLAS" job control card. 

REQUEST (TAPE,F=I,LB=KL,PO=AW) SAVE 
U W I N D  (Savef i l e )  
COPY (Savef ile ,TAPE) 
RETURN (TAPE) 

7.1.6 Job Execution R e s t a r t  

To restart a job execution using previously-saved checkpoint 
data, the followinq control cards should be used before the 
"ATLAS** job controi card, 

- FOK data saved on permanent f i l e ,  use: 

GET (Savef i l e=  jobl) 

For data saved on maqnetic tape, use: 

REQUEST(TAPE,VS3=xxxxxx,F=I,LB=KL) 
COPY [TAPE,Savef i le)  
REWIND (Savef i l e )  
RETURN (TAPE) 

These statements are the  counterpart t o  those 

I 

s ta tements  
described i n  section 7.1.5 f a r  saving t h e  checkpoint data. 
Similarly, the name of *eSavefile'8 must be one of the  ATLAS 
r e s t a r t  f i l e  names as i d e n t i f i e d  by t h e  correspondihg LOAD 
execution-control statement ( s )  used f o r  t h e  new job, 

w e l l  as establishing another job execution checkpoint. The ATLAS 
r e s t a r t  files SAVESS1 and SAVESS2 are used in t h i s  example: 

The following job contr'ol deck i l l u s t r a t e s  a job r e s t a r t ,  as  

Job Card 
Account C a r d  
ti zir (CATM/UN =UATLASU) 
CALL (CATM ,ATTACH) 
CALL ( CATH I CONTROL) 
GET (SAVESS 
ATLAS (PL=100000) 
SAVE (SAVESS2=job2) 

7.4 



7-1.7 Plot Data File Creation 

Whenever of f - l ine  p l o t s  are requested by an EXECUTE GRAPHICS 
staterrat the following conkrol card, followed d i r e c t l y  by 
appropriate comments for  the selected p l o t  device operator, 
should be used a f t e r  t h e  'fATLASm job cont ro l  card- 

PLWTFIL (Plotter, TAPE9 9 0) 

The word @9?30ttert* must be h p u t  as one of the following words t o  
iden t i fy  which plot  hardware uni t  is t o  be used. 

SC4020 -- t h e  Stromberg Carlson SC4020 microfilm p l o t t e r  or 
the  COMp-80 photocomposer 

CALCOMP -- t h e  CALCOMP mdel 763 

GE;RBER -- t h e  GERBER dra f t ing  machine or the Versatec 
electrostatic quick-plot u n i t  I 

Only one p lo t  hardware system may be requested per  ATLAS job. 
The pa r t i cu la r  u n i t  associated with a job is t h a t  i den t i f i ed  by 
the f i r s t  EXECUTE GKAPHICS statement i n  t h e  ATLAS execution- 
control deck, A l l  p lo t s  created oy an ATLAS job can be generated 
using any one of the foregoing p l o t  units with equal ease, 
depending on the required plot s i z e ,  accuracy, ana qual i ty .  

7.5 



8.0 EXA!!LE PROBLEMS 

Examples of t h e  following types of analyses, as performed 
using the ATLAS System, a re  presented i n  this sect ion-  

a) Stress 
b) Bifurcation buckling 
c) Weights 
d) Vibration 
e) F l u t t e r  
f )  Substructured stress analysis  
g )  Substructured vibration analysis  
h) S t ruc tura l  res iz ing  

Except as noted, each example problem uses the same 
s t ruc tu ra l  model as shown i n  f igures  8-1 through 8-3 .  Figure 8-2 
i l l u s t r a t e s  a layout of the  model t h a t  was created prior  t o  
s e t t i n g  up the model-definition input data, U s e  of the &TUS 
GRAPHLCS postprocessor t o  p l o t  t h e  model data, as shown i n  f igure 
8-3, offers convenient methods of verifying the  s t r u c t u r a l  model 
pr ior  t o  performing any problem solutions.  These f igures  
i l l u s t r a t e  the types of @%road mapstc that should be developed 
during the  process of s t r u c t u r a l  idea l iza t ion  fo r  orderly 
management of the data auring problem solving, 

The model i s  comprised of mid-surface nodes and SPAR and 
COVER elements. The bracing struts are BEAM elements, The wing 
box width and depth vary l i nea r ly  from root t o  t i p -  A l l  SPAR 
elements have flange areas of 1.5 and w e b  thicknesses of 0.25, 
A l l  COVER elements have surface thicknesses of 0.25. The BEAM 
elements have areas of 0.25, bending moments of i n e r t i a  of 0-03 
and to rs iona l  constants of 0.06, A l l  nodes have?the local 
reference frame SPAN as t h e i r  analysis  frame. 

example problem : 
The following i t e m s  are’presented and discussed for each 

a) Additional components of m o d e l  
b) Analysis performed 
c) Execution-control data 
d) Model-definition data  
e) Results 

8. 
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.F igu re  8-3.  Wing Box S t r u c t u r a l  Model a s  P l o t t e d  
Using the GRAPHICS Postprocessor  
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8 - 1  E usss 

Description 

T h i s  example consists of a stress analysis of the wing box 
described in section 8 -0. The box is fully supported at the root 
and is subje to &ee loading conditions: 

a) H distributed pressure load acting in the GLOBAL 
2 direction. The pressure is  uniform over each element 

varies f r o m  a maximum at the root to a minimum at  

rated tip load dc in the CLOaAL 2 direction 
ed equally bet ont and rear spars, 

c) A thermal loading consisting of a uniform AT of 2W*F 
on the  upper surface and -200°F on the lower surface- 

I 

8.1.2 Execulion-Control Data 

BEGIN CONTROL P~~~ 5iRE3S 
PROBLEE ID [ LE STRESS A'NHLYSXS) 
fiEAD INPUT 
PRINT INPUT 
PRINT WPUT 

PEHFORM STRESS 
PRIST IMPUT (BC) 

PUT (LOADS) 

END CONTROL PMc#;HAE11 

NOTES : 

ired first s t a t e m e n t  in an S execution-control 

SS I. 
. e name selecte k o r  t h i s  Control Program is 

Assigns a title Lo t h e  pro is title w i l l  appear 0 in the printout, 

irec el-definition 
a ta  



a.  1-3  

5 
6 
7 
8 
9 
t o  
11 

12 
13 
14 
15 
16 
17 

R e q u e s t  formatted parintout uf the input data fox: 

nodes 
s t i f f n e s s  elements 
loads 

D i r e c t s  ATLAS to perform a stress analysis, The STRESS 
e x e a t  i0en-c ontrof proced calculates s t i f fnesses ,  
korms the equilibrium eq ons, and solves for 
displacements, stresses, reactions 

Requests a formatted printout of the input boundary 
condition data. U s e  of is statement af ter  execution 
of the STIFFNESS proces (as included i n  the 5TRESS 
procedlure in statement results i n  inactive freedoms 

printout I 
th zero stiffn 1 being identified in the 

Request lcormatted printout af the calculated data %or: 

Q> the cumulated equivalent nodal. loads and 
resultants of appLi& laads 
nodal displacements 
el e m e n t  stresses 
reactions and check (SUR of the 
applied loads the reactions) 

Requirea last statement in an A'lPLAs execution-control 
deck 

Model-Def in i t ion  D a G  

BEGIN NODAL DATA 
REX SPAN 80, 0. 0, 253-2 300. 0, 80 .  0 ,  100, 
20 1000, 0, 0 -  
HES G 
ANALYSIS 
1 360.  D 273,2 300. 0. 

d l  0. 0 ,  0 .  233.2 300, 0. 
0- 0 -  -450 
0, 0. -45. 

WEORDER 20 
END NODAL DA 

BEGIN STIFPN 
BEGIN EL DATA 

SPAR 1 2  -25  - 5  TO N 
SPAR N20 -5 TO N25 
s -5 
C -2  5 

7.5 
7.5 

6 7  
16 17 

8 ,  



18 
19 
20 
21 
22 
23 

24 
25 
26 

27 

29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
40 
41 
42 
42 
44 
45 
46 

45 

28 

38 

- 

COVER N2 1 2 13 12 -25 TO N 6  5 6 17 16 

N51 13 -25  0, 0, -06 -03 -03 
N7 6 13 0.25 

BEAM N52 3 ** 
END ST-NESS DATA 

BEGIN BC DATA 

EZD BC DATA 
SUPPORT ALL FOR 1 11 PO1 111 

BEGIN LOADS DATA 
IDAD CASE I D  AZRLaAD *#ELEME3iT PRESSURE LOADING# 
LOAD CASE I D  TXPLOAD *# 200 0 LE%, LOAD AT TIP# 
LOAD CASE I D  TmRMAL *++200 DEG. UPR- AND -200 ON LWR. # 
BEGIN NWAL LOAD U T A  

CASE TIPLOAD 
7 17 FZ -1000, 

END NODAL LOAD D N A  1 

BEGIN 3E;LENENT LOAD DATA 
D1RE;CTXQN GLOBAL 0 ,  0. 1, 

CASE ALRLOkf) 
1 3.5 

*+6 1 -.5 
END ELEMENT LOAD DATA 
BEGIN ELEXQWX' THElRMHL LOAD DATA 

CASE kMAL 

1 TO 7 200,  -200, 
90 TO 15, 20 TO 2 5 ,  30 200,  -200. 200,  -200, 

END I E L W N T  THEMfAL LOAD DATA 
END LOADS DATA 

END Y I I O I 3 L ~  DATA 

NQTES: 

Xdentifies t h e  s t a r t  of the NODAL data set 

Defines a local rectangular sefergnce f r a m e  with the 

ith x-y-z coordinates (100.0,0,,0,) 

0 
0 
0 
(9 

to t h e  SPAN coordinate system. 

Xdentif ies rejEerence frame as the coordinate 
T e n t  nodal input coordinates 

exerenee frame SPAN as the analysis frame 
nt nodes 



Defines mid-surface nodes I r 2 , - , . , 7  along the rear spar  

Defines mid-surface nodes 11 12, *. .. ,I7 along the f r o n t  
spar 

Define s t r u t  nodes 701 and 111 

Specif ies  nodal data t o  be reordered, based on dis tances  
from node 20, so t h a t  t h e  stiffness matrix b a n d w i d t h  and 
so lu t ion  costs are minimized 

I d e n t i f i e s  the  end of t h e  NODAL data set 

I d e n t i f i e s  t h e  s tar t  of the STIFFNESS data set 

I d e n t i f i e s  t h e  s t a r t  of the structural element data 
subset  

Define the rear and f r o n t  spar  elements; element numbers 
10-1-5 and 20-25, respect ively-  

Defines the  wing t i p  closure r i b  {element number 30) 

Define the wing surface skin (element numbers 1-7) 

Define t h e  wing s t r u t s  (element numbers 51 and 52) 

I d e n t i f i e s  the end of t h e  s t r u c t u r a l  element data 

I d e n t i f i e s  t h e  end of t h e  STIFFNESS data set 

I d e n t i f i e s  t h e  s t a r t  of t h e  boundary condition (BC) data 
set 

Defines a l l  kinemqtic freedoms for nodes 1,11,10 1 I and 
111 t o  be supported (fixed) 

Ident i f ies  the  end of t h e  (BC) boundary condition data 
set 

Identifies t h e  s t a r t  of the LOADS data set  

Define three loadcase labels and t h e i r  alphanumeric 
t i t l es  

I d e n t i f i e s  the s t a r t  of the NODAL-LOAL, da t a  subset 

Define concentrated loads in the tiLOBAL d i rec t ion  a t  
nodes 7 and 17 for  loadcase TIPLOAD 

8-13 



I d e n t i f i e s  t he  end of t h e  NODAL-LOAD data subset 

I d e n t i f i e s  the s tar t  of an element-distributed LOAD data  
subset 

Specif ies  load-direction cosines r e l a t i v e  t o  the GLOBAL 
reference frame 

I d e n t i f i e s  AIRLOAD as t h e  loadcase label f o r  subsequent 
element loads 

Specif ies  a uniform pressure in t ens i ty  of 3.5 
number 1 

Generates uniform pressure loads for elements 
pressure in t ens i ty  on element 7 is 0.5 

I d e n t i f i e s  the end of the  ELEPlIENT LOADS data  

on element 

2-7; the 

I d e n t i f i e s  t he  s tar t  of an ELEMENT TH- load data  
subset 

Iden t i f i e s  THERMZG as the  loadcase l a b e l  for subsequent 
loads 

Define a temperature increment of 2000F f o r  the upper 
surface of the wing f i n i t e  elements and - 2 O O O F  for t he  
l o w e r  surf ace elements 

Iden t i f i e s  the end of the ELEMENT THLRMAL LOADS data 

Iden t i f i e s  t h e  end of the  LOADS data set 

Iden t i f i e s  t h e  end of t h e  model-definition data deck 

Results 

Representative output from the stress analys is  is shown on 
the  following pages. Pr intout  of input  da ta  (nodal, s t i f f n e s s ,  
boundary condition, and loads) and output data  (loads, 
displacements, stresses , and reactions) are included, 

8.9 
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8-2 EXAMPLE 2:  BXFURCATXXJ BUCKLING 

8.2.1 DescriDtim of M o d e l  

This example denionstrates the use of ATLAS to perform a 
bi;turcation buckling analysis oi the plane frame shown in figure 
8-4, The columns have a cross-sectional area of 5 and a bending 
moment of inertia of 10. The beam hias a cross-sectional area of 
300 and a bending moment of inertia of 20. 

8.2 2 pescrintian of Analysis 

The loading consists of concentrated forces at the column 
tops as shown i n  Zigure 8-4, 
lureedom (TX, W and RZ) are retained in this analysis, 

A l l  unsupported active degrees of 

I 

t ’  
l p  

1 

1 . 5 P  

x 
VI, -=--m- 

Figure 8-4, Plane Frame Model 



8.2-3 Execution-Control D a t a  

10 
11 
12 

BEGIN CONTROL PROGRAM BUCRLE; 
PROBLEM ID (EXAMPLE BUCKLING PROBLEM) 
READ INPUT (MODE21 
PRINT ZNPUT (NODAL) 
PRINT INPUT (STIFFNESS) 
PERFORM R-STRESS 
PRINT INPUT (BC) 
PRINT OUTPUT (STKEtSS) 
EXECUTE STIFFNESS (LC=COLMLD) 
EXECUTL MEXGE (GST;LF,KG22=22) 
EXECUTE: BUCKLING (STXF=KRE;D, KG5KG22) 
PRINT OU'IPUT (BUCKLING) 
END CONTROL E'ROGHAM 

NOTES: 

@ Kequired first statement 

@ Assigns a t i e e  to  the problem, 

@ D i r e c t s  ATEAS to read and check the model-definition data 

an ATLAS execution-control deck. 
The name selected for this C o n t r o l  Program is BUCKLE:, 

This title Will appear i n  
the printout. 

deck 

=quest taxmatted printout of the input data for: 

nodes 8 s t i f f n e s s  elements 

@ D i r e c t s  ATLAS to pertorm a stress iinalysis, ihe R-STRESS 
execution control procedure calculates the elastic 
stif fnesses, jtorms the, equilibrium equations, and solves for 
displacements, stresses, and reactions, 

@@tequest formatted printout of : 

boundary condition data 

D i r e c t s  ATLAS to execute the S T I F ~ E S S  processor tor 
calculation 02 the element geometric stiifness matrices for 
loadcase COLMLT) 

8 element stresses 

@ 

@ D i r e c t s  ATLAS to execute the MERGE processor for creation of 
the geometric stiffness matrix S 2 2  

8-20 



I t  Directs ATLAS to execute the BUCKLING processor for 

@ Requests a formatted printout ot the buckling eigenvalues 

calculation of the buckling loads and mode shapes.. 

(crit ical  loadcase factors) and d e  shapes 

'1 
2 
3 
4 
5 
6 

7 
8 
9 
l( 
1' 
1; 
1: 

l i  
1! 
I( 
1' 
11 

I! 
2L 
2' 
2; 
2: 
21 
,2! 
2( 
2 

g 

@ Required last  statement i n  an ATLAS execution-control deck 

8.2.4 Model-Definition D a t a  

BEGIN NODAL DATA 
1 0- 0- 0. TO 3 0 ,  5. 0 ,  
7 10- 0 .  0- TO 5 10, 5.  0 .  
KEOBDEK FROM -1 
3 T o 5  

END NODAL DATA 

BEGIN STIFFNESS DATA 
BEGIN ELEMENT DATA 1 

B E A M N l 1 2 5  5 ,  10, To N2 2 3 5 
BEAM NS 3 4 7 100, 20. TO N4 4 5 7 
BEAM N5 5 6 1 5 .  10. TO N6 6 7 1 

END ELEMENT DATA 
END STIFFNESS DATA 

B E G I N  M: DATA 
SUPPORT TX TY FOR 1 7 
hETAIN R2 FOR 1 7 
RETAIN TX TY RZ FOR 2 'Po 6 

END BC: DATA 

BEGIN WADS DATA 
LOAD W E  ID COLMLD * C  RT. COL. LOAD = 1.5 LD. ON LFT, COL.+ 
B&IN NODAL LOAD DATA 

CASE COLMLD 
0IIDE;K FY 

3 -1- 
5 - 1 . 5  

END NODAL LOA0 DATA 
END LOADS DATA 

END PROBLEM DATA 

NOTES: 

Identifies the start of the NODAL data set 

Define nodes 1,2,3 ana 5,6,7 &or column members 
0 @a 

8*2 



Specif ies  that  nodal data are n o t  to  be sorted p r i o r  t o  
problem so lu t ion  

Generates node 4 for b e a m  m e m b e r  

I d e n t i f i e s  the end of the NODAL data set 

I d e n t i f i e s  t h e  s t a r t  of the STIFENESS data set 

I d e n t i f i e s  the s t a r t  of the s t r u c t u r a l  element data 
subset  

Define s i x  BEAM elements; columns are element numbers 
1,2,5 and 6 ;  the  horizontal  beam is  element numbers 3 
and 4 ;  only area and I2 sec t ion  propert ies  are spec i f ied  
for t h e  planar  
ignored during 

I d e n t i f i e s  t h e  

I d e n t i f i e s  the 

I d e n t i f i e s  the 
set 

s t ruc tu re ;  a l l  inac t ive  freedoms &e 
problem so lu t ion-  

end of t h e  s t r u c t u r a l  element data’ 

end of t h e  STIFFNESS data set 

s tar t  of the boundary condition (BC) data 

Defines t r a n s l a t i o n a l  freedoms i n  the X and Y d i rec t ions  
a t  nodes 1 and 7 t o  be supported (fixed) 

Define a l l  remaining ac t ive  degrees of freedom (TX,TY 
and RZ) t o  be retained i n  the reduced s t r u c t u r a l  
matrices for  t h e  buckling ana lys i s  

I d e n t i f i e s  t h e  end of t h e  BC data 

I d e n t i f i e s  the  s t a r t  of the LOADS data set  

Defines a t i t l e  f o r  the loadcase COLMLD 

I d e n t i f i e s  t h e  s tar t  of a NODAL-WAD data subset 

I d e n t i f i e s  COLMLD as the loadcase for subsequent loads 

Specif ies  tha t  only forces  i n  the  GLOBAL Y-direction a r e  
being input  

Define loads of -1 -0  and -1,5 a t  nodes 3 and 5, 
respect ively 

I d e n t i f i e s  the end of t h e  NODAL WAD data  

8.22 



Identif ies  the end of the 

Identifies the end of the  @ 
8 .2 .5  Results 

Representative output f r o m  the 

LOADS data set 

model-def in i t ion  data deck 

bucklinq analysis is shown on 
the following pages. Printout of input data (nodal, s t i f fness ,  
and boundary condition) and output data (stresses, buckling 
eigenvalues, and mode shapes) are included, 

I 
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8.3 EXAMPLE 3: WEIGRTS ANALYSIS 

8.3.1 Description of Model 

This example demonstrates the use of ATLnS to calculate the 
weight of the panels shown i n  figure 8-5 and p r i n t  a weight 
statement for the wing box described in section 8.0. 
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Figure 8-5. Wing Panel Definitions 
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8 . 3  .) 2 Execution-Control Data 

BEGIN CONTROL PROGRAM WEIGHflc 
PROBLEM XD(EXAMPLE ATLAS WEIGHTS ANALYSIS) 
READ INPUT (MODE21 
EXECUTE MASS (INERTIAS) 
PRINT OUTPUT (MASS ,STATEMENT ,MDC=MDC*'+**) 
END CONTROL PROGRAM 

NOTES : 

@ Required first statement i n  an A'PLAS execution-control deck. 

@ Assigns a t i t l e  to the problem. 

@ Directs the system to read andl check the model=-def inition 

@ D i r e c t s  the system to execute the MASS processor and compute 

@ Requests a printout of the weight statement and computed 

This tit le w i l l  appear i n  
the printout- 

data. 
I 

inertias for the defined weight panels 

panel weights. 

@ Required last  statement in an ATLAS execution-control deck. 

8.3.3 Model-Definition Data 

BEGIH NODAL DATA 
1 160. 0 ,  0 .  15. TO 7 273.2 300. 0. 7.5 

11 0, *4 17 233.2 ** 
101 160. 0, -45. 
111  o m  0 ,  -45, 
201 0 .  0 ,  0, , TO 211 233.2 300. 0 .  

END NODAL DATA 
311 273.2 ** 

BEGIN STIFFNESS DATA 
BEGIN T DATA 
SPAR N10 1 2 
SPAR NZO 11 12 
SPAR N30 7 13 
COVER N1 1 12 
COVEk N 2  1 2  
COVER N7 6 7  
n w  N51 13 111 
BEAM N 5 2  3 101 
END ELEMENT DATA 
END ST ESS DATA 

-25 1-5  'IO N15 6 7 
-25 1.5 TD N25 16 17 
-25 1 . 5  

11 -25  
93 12 -25 TO N6 5 6 17 16 
17 -25 
-25 0, 0 .  -06  -03 -03 ** 



2 1  
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

56 - 

BEGIN SUBSET DEFINITION 
SUBSETS OF STIFFNESS SET 1 
E l  = 30 
E2 = 20 TO 25 
E3 = 70 TO 15 
E4 = COVERS 
E5 = 51 
E6 = 52 
END SUBSET DEFINITION 

BEGXN MASS DATA 
BEGIN C-NDITION DATA 
PANEL DATA 1 CONDITION 1 
END CONDITION DATA 
BEGIN LABEL DATA 
LEVEL1 *# WING S m L T W  # 
EK1 *# TIP cLosuE(fr: RIB # 
LEVEL2 *# FRONT SPAR # 
EK2 (W) *# WEB if 
Ex2 (U) *# UPPER CAP # 

(L) *# LOWER CAP # 
LEVEL2 *# HEAR SPAR # 
EX3 (W) *# WE33 1; 
EK3 (U) *t UPPER CAP # 
EK3 (L) *# LOWER CAP # 

EK4 (U) *# UPPER # 
=4 (L) *# LOWER # 
LEVaL2 *# W M G  STRUTS # 
U S  *# FORWARD # 
Ex6 *# AFT # 
LND WiaEL DATA 
S G X N  PANEL DATA 1 
1 203 202 302 301 TO 10 
;E;ND PANEL DATA 1 
END MASS DATA 

LEVSL2 *# SURFACE MATEHIAL # 

END PROaLEM DATA 

N0TE;S: 

Identifies the start of the NODAL data 

Defines nodes 1#2#*..#7 along the rear spar 
0 

Defines nodes 11,12,. .. , 17 along the front spar 

Define strut nodes 101 and 111 00 
Define nodes used t o  def ine  the w e i g h t  panels 

8.33 



I d e n t i f i e s  the end of t h e  NODAL data 

I d e n t i f i e s  t h e  s t a r t  of the s t r u c t u r a l  

I d e n t i f i e s  the s tar t  of the s t r u c t u r a l  

model data 

element data 

Define the elements along the f r o n t  and rear spars  
(element numbers 70-15 and 20-25)  

Defines the wing t i p  closure r i b  (element number 30) 

Define the 

Define the 

I d e n t i f i e s  

I d e n t i f i e s  

I d e n t i f i e s  

wing surface material (element numbers 1-7) 

wing s t r u t s  (element numbers 5 1  and 52) 

the  end of t h e  s t r u c t u r a l  elentent data 

the  end of t h e  s t r u c t u r a l  model data 

the s t a r t  of the d e f i n i t i o n  of element 
I 

subsets  f o r  t h e  weight statement 

Specif ies  elements for t h e  s t r u c t u r a l  model designated 

subsets  fo r :  

SET 1 

Define element 

I d e n t i f i e s  the 
subsets 

I d e n t i f i e s  the 

I d e n t i f i e s  the 

t i p  c losure  r i b  
f r o n t  spar 
rear spar 
surface material 
forward s t r u t  
a f t  s t r u t  

end. of t h e  de f in i t i on  of element 

s t a r t  of t h e  weights data 

s t a r t  of the panel weight CONDITION data 

Defines panel de f in i t i on  1 as weight condi t ion 1 

I d e n t i f i e s  t h e  end of t h e  panel weight CONDITION data 

I d e n t i f i e s  t h e  start  of the weight statement d e f i n i t i o n  
data 

Define the labels for  each l i n e  of t he  weight statement 
and the  corresponding element subsets  or level of 

8 - 3 4  



summation 

Iden t i f i e s  the end of the weight statement def in i t ion  
data  

Iden t i f i e s  t h e  s t a r t  of the  weight PANEL def in i t ion  data  0 
Defines weight panels 1-10 

I d e n t i f i e s  t h e  end of t h e  weight PANEL def in i t i on  data  63 
Iden t i f i e s  t h e  end of the weights data  

Xdentifies t h e  end of t h e  model-definition data deck @ 
8 -3.4 Results 

Representative output from the weights analysis is shown on 
the following pages. Pr intout  of the t o t a l  weight, panel 
weights, and weight statement are included, 
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8.4 EXAMPLE. 4: VIBkdITXON ANALYSIS 

8.4.1 Descrmtian of Model 

The m o d e l  used i n  this example is t h e  box beam described in 
section 8.0,  The mass distribution is derived solely frm t h e  
mass and inertia properties of the strvctural elements i n  the 
model. 

8.4-2 Descr ip thn  of Analysis 

calculated. The box i s  fully supported a t  the root. 
In  t h i s  example the vibration m a l e s  of the wing box are 

8.4.3 ~ c u t i o n - C a n t r o l  D m  

~ 10 

BEGIN CONTROL PROGRAM VIBRATION 
PROBLEM ID (LXAMPU VIBRATION ANALYSIS) 
READ XNPUT (MODE2) 
EXECUTE MASS (OPTION=3) 
PERFORM K-1FcEDUC.F. 
EXECUTE VIBRATION (MASS=MDCOO lA,STIF=KRED,NMODES=8 ,SUBSETS=NOO 1) 
PRINT OUTPUT (VIBRATION) 
EXECUTE EXTRACT (EXNAMB=VIBK,LSUB=VMODE,VSET=l ,MODE= (1 TO 8 )  , 
EXECUTE GRAPHICS (GNAME=VIBR ,'IYPE=ORTH,OFFLINE=SC4020, 

I 

1 NSUB=N001 ,BSUB=ONOO?) 

1 
t VECTOR3=VMODZ, EXNAME=VXBR} 

KZ =- 4 0. ,KY=2 5 * , VSCALE-I 0 0.0, 
END CONTROL PKOGkAM I 

MOTES : 

@ Required first statement in an ATLAS execbtion-control deck 

@ Assigns a title to the.problem. This t i t l e  Will appear i n  
the printout.  

@ Reads and cnecks the model-definition data deck 

@ Generates d matrix for mass and i n e r t i a  properties of the 

@ Generates element s t i f fnes ses  and derives a matrix of 

@ Performs an eigensolution for 8 modes of vibration, and 

retained freedoms 

s t i f fnes ses  at the retained freedoms 

calculates the generalized mass and generalized s t i f f n e s s  
matrices. 

@ Prints We results of the eigensolution 



@ Extracts the results of the eigensolution for plot t ing  

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 

29 
30 
31 
31 
32 
33 

34 
35 

@ P l o t s  the vibration modes 

@ Required last statement i n  an ATLAS execution-control deck 

8-4.4 M o d e l - D e f h i t i o n  Data 

10 j 11 

BEGIN NODAL DATA 
REC SPAN 8 0 .  0. O., 253.2 300. O., 8 0 .  0 .  100, 
20 1000. 0- 0 .  
RESUME GLOBAL 
AUAtYSIS SPAN 
1 160. 0 .  0 -  15. TO 7 273-2 300. 0, 7.5 
11 0. *4 17 233.2 *3 
101 160, 0. -45. 
I l l  0. *2 
RE0RDE;R FROM 20 

END MODAL DATA I 

BEGIN bTIFFMESS DATA 
B E G U  ELD- DATA 
SPAR N1U 'I 2 -25 1.5 TO N15 6 7 
SPAR N20 11 12 *3 N25 16 17 
SPM N30 7 17 *2 
COVER N1 1 12 3 1  -25 
COWR N2 1 2 13 12 -25 TO N6 5 6 17 36 
cyIvE;R N7 ti 7 17 -25 
BEAM N51 13 111 -25 0, 0. .06 -03 -03  
BEAM N 5 2  3 101 ** 

EN5 FX&MENT DATA 
END STIFFNESS RATA 

BEGIN BC DATA 
RETAXN TX TY TZ RX,RY FOR 1 TO 100 
EruEE ALL FOR 20 
SUPPORT ALL FOR 1 11 101 111 

END BC DATA 

BEGIN SUBSET DEFINITION 
SUBSETS OF NODAL SET 1 
ON001 = 1 2 12 13 3 4 14 15 5 6 16 17 7 + 
NO01 = I 2 12 13 3 4 14 15 5 4 16 17 7 

6 5 4 3 2 1 11 t2 13 14 15 16 17 

END SUESET DEFINXT3ON 

BEG3.N MASS DATA 
=GIN CONDITION DATA 

END CONDITION DATA 
STAGE 1 CONDITION 1 0 0 0 

8-40 



38 END MASS DATA U 39 END PROBLEM DA+A 

NOTES: 

Xdentifies the start of the NODAL data 

Defines a local coordinate sysern with y along the center 
of the st ructure  

0 

Defines a reference node i n  the  local analysis frame 

Specifies tha t  the next data input will be referenced t o  
the G L O W  coordinate system 

Specifies reference frame SPAN to be used as the 
analysis frame for the follawiny nodes 

@@ Define riodes 1-7, 11-17, 100, 111 

Reorders the nodes for ei;t i c i en t  solution 

Identifies the end of the NODAL data 

Identifies the start of the structural model data 

I 

69 
0 
0 
@@ Define the s t ruc tura l  elements 

Identifies the end of the structural model 

Ident i f ies  the start ot the boundary condition (BC) data 

Ketains the freedans to be used i n  the vibration 
analysis, Freedow 1-7, 11-17 are defined relative to 
the  analysis frame SFAN 

Frees node 20 

Supports the structuxe at nodes 1 , 7 1  , TO 1 and 11 1 

Identifies the end of the  BC data. Seventy retained 
freedoms, a l l  i n  a local analysis frdme, have been 
defined 

Ident i f ies  the start of SUBSET DEFIMITXON data, These 
data are used t o  define the collections of nodes 
required for plott ing m o d e  shape data. 

Ident i f ies  the N O W  set from w h i c h  subsets are created @ 



Defines an ordered nodal subset that specif ies  the l i nes  
t o  be drawn 

Defines the  subset of retained nodes t o  be used in 
plo t t ing  the mode shapes 

Ident i f ies  the end of t h e  SUBSET DEFINITION data 

Ident i f ies  t h e  s t a r t  of the MASS data 

Ident i f ies  the s ta r t  of the mass-distribution CONDITION 
data 

Specifies t h a t  the element mass and i n e r t i a  properties 
dre to be used in forming the mass matrix 

Ident i f ies  the end of the CONDITION data 0 
Ident i f ies  t he  end of t h e  MASS data I 

I den t i f ies  t he  end of t h e  model-definition data deck 

8.4 e 5 Results 

T h e  vibrat ion modes data generated by t h i s  analysis a r e  
presented i n  printed and graphical form on the following pages, 
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GNAME = V I E R  

GNAME Q V I E R  

PLOl IO * VIER , flOOE SHAPE NO. I 

EXNAME * VIER 
NSUB - NOOl 

OFFL INE 
SCALE 1 / 4 3 .  I9 
SCALE-X * 1160 .01  
SCALE-Y = 1 1 5 3 . 1 4  
SCALE-Z 2 1149 .65  

r 

PLOl I D  * VIER . MODE SHAPE NO. 2 

R Z  = -40 .  
R Y  = 25. 
RX = 0.0 

KSET = 1 STAGE * I 
FREOUENCY. 13.487LSUE 8 VHOOE 

1. SC4020 plots generated by the GRAPHICS postprocessor. 

The thlrd and 

L Y  
R Z  :: - 4 0 .  
R Y  = 2 5 .  
R X  = 0 .0  

OFFLINE 
SCALE = 1 1 4 3 . 1 9  
SCALE-X 1 1160.01 
SCALE-Y 1153 .14  
SCALE-Z 5 1149.65 

EXNAtlE * VIER KSEr a 1 . STAGE * I 
NSUB - NO01 FREOUENCY* 22.962LSUB = VMOOE 
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GNAME = VIER 

This has led to the outline being smaller than in the previous three modes 
I f  i t  appears that a rotation has also occurred, that i s  because the vectors 
are much closer to  the y-direction than In the previous plots 

, 

PLOl I D  * V I E R  . HOOE SHAPE NO. 3 

EXNAHE * V I E R  KSET = 1 STAGE = I 
NSUB = N O 0 1  FREOUENCY= 41.593LSUE = VHOOE 

R Z  -40.  
RY = 25 .  
ax = 0 .0  

OFFLtNE 
SCALE * 1143.19 
SCALE-X * 1160..01 
SCALE-Y = 1153.14 
SCALE-Z 1147.85 

PLOT 10 = V I E R  . HODE SHAPE NO. 4 

EXNAtlE * V I E R  KSEI * 1 STAGE = I 
NSUB = NO01 TREOUENCY. 43.070LSUB * VHOOE 

LY 
RZ = -40.  
R Y  = 25.  
RX 2 0.0 

OFFLINE 
SCALE = 1 1 4 9 . 1 0  
SCALE-X SCALE-Y = = 1169 .06  1161 .15  

SCALE-2 = 1154 .84  

KOTES: i In this mode, motion in the y-directfon predominates 
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8.5 EXAMPLE 5 :  FLUTTER ANALYSIS 

8 . 5.1 Description of M o d e l  

The model used i n  t h i s  analysis i s  the box beam described i n  
section 8-0, The mass dis t r ibu t ion  is derived from the m a s s  and 
i n e r t i a  properties of the s t ruc tu ra l  elements h the model. The 
aerodynamic l i f t i n g  surface is t h e  surface defined by the cover 
elements, The box beam is "flyingn i n  a i r  a t  sea level, and 
contains s t ruc tu ra l  damping equal t o  between 2 and 3 percent of 
the s t i f f  ness. 

8 . 5 . 2  Description of Analysis 

I n  t h i s  example, the  f l u t t e r  equation of motion is formed for 
t he  wing box, f u l l y  supported a t  i ts  root ,  The aerodynamic model 
used t o  obtain the aerodynamic influence coeff ic ients  is based on 
the doublet l a t t i c e  theory and is shown i n  figure 8-6 .  The first 
six vibration modes w e r e  used as the generalized coordinates i n  
calculating generalized m a s s ,  s t i f f n e s s  and airforce matrices, A 
structural damping of 0-02 or 0.03 was assumed for each 
generalized coordinate. 

Figure 8-6, Doublet Lattice Box G r i d  
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1 BEGIN CONTROL PROGRAM FLUTTER 
2 PROBLEM ID (EXAMPLE FLUTTER ANALYSIS) 
3 READ INPUT (MODE2) 1 4 PRINT INPUT (DUBLAT) 
5 
6 
7 
8 
9 

10 

?1 
12 
33 

15 
16 
77 

11 4 

PRINT I N P U T  (FLUTTER) 
EXECUTE INTEKP {AX, N001=BEAMSPZINE, DOF=1110, BF~MIO=(N~,N~) ) 
EXECUTE DUBLkT (MACH=O-, KvaL=( -fg.05, .OZS,  ,Of )  ,QUAsI=QQ) 
EXECUTS MASS (OPTXON=3) 
PERFORM X-KEDUCE 
EXECUTE VIBRATION (ASS=MDCOO l A ,  STU=KRED, NMODES=6, 

EXECUTE FLEXAIh (.lD=FLEX, DUBLAT, FLUTFREQ=O -0, SUBSET=Nl) 
EXECUTE ADDINT (FLEXAIR=FLEX) 
EXECUTE F L U T R  (EVAL=I) 
PRINT OUTPUT (DUBLAT. MAcH=O RVAL=. 1) 
PRINT OUTPUT (FLEXAlk, ID=FLEX) 
PKINT OUTPUT (FLUTTER, &VAL) r 

EXECUTE EXTHkcT (LSUB=WW, EXNAPllE=l?LUTO 1) 
EXECUTE GKAPHlCS ( G ~ = F L I p T O I , T y p E = G R a p H ~ , O F L l I E = s C C 4 O 2 O ,  

1 SUBSETS= (N1 ,N2 ,N3) ) 

1 X=V, Yl=G, Y2=F, I I  2 XMIN=O,, xMAX=1000., Y1MIN=-.l, YlMAX=.OS, Y2MIN=OIg Y2MAX=60., 
3 EXNAME'= FLUT01) U 19 END CONTROL PROGRAM 

NOTES: 

@ Required first statement i n  an ATLAS execution control deck 

@ Assigns a t i t le  t o  the problem, 

@ Reads and checks the model-definition data deck 

@ prints  t h e  DUBLAT inpui data 

T h i s  title w i l l  appear i n  
ttte printout 

Prints FLUTTER input data 

Generates interpolation coefficients that represent unit 
displacements at each retained freedm for use in generating 
AIC matrices 

t e s  a set of AIC matrices using the doublet lattice 
i c  theory 

@ Generates a mass matrix 

Generates a s t i f fness  matrix 
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Generates s i x  normal modes of vibration, and generalized mass 
and s t i f fness  matxices 

Generates generalized airforce matrices using the normal 
m o d e s  and AIC matrices 

Interpolates the generalized airforce matrices to obtain 
matrices a t  a larger number of reduced frequencies 

Calculates f lutter speeds and eigenvalues a t  flutter 

Prints the AIC matrices 

P r i n t s  the generalized airforce math-ices 

Prints the f lutter results 

Extracts the f lutter data for plotting 

plots the V-g and V-f curves 

Required last statement i n  dn ATLAS execution control deck 

I 

1 

8,5,4 Model-Definition D a t a  

BEGIN NODAL DATA 
1 160.. 0. 0 -  15. TO 7 273-2 300. 0. 7 - 5  
11 0. *4 17 233.2 *3 
101 160. 0. -45. 
111 0, *2 
END NODAL RATA 

BLEGIN STIFFNESS DATA 
a E G l N  ELEMENT DATA 
SPAR Nl0 1 2 ,,L5 1.5 TO N15 6 7 
SPAR N 2 0  11 12 *3 N25 16 17 
SPAH N 3 Q  7 17 * 2  
COvEEi N1 1 12 T 1  -25 
COVER N2 1 2 13 12 .25 TO N 6  5 6 17 16 
COVZR N7 6 7 17 -25 

BELAM N52 3 101 ** 13 111 -25 0. 0, -06 -03 -03 

END 33LEMENT DATA 
l3ND STIFFNESS DATA 

8.5 



1 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
35 
16 

1 7  
18 
19 
20 
21 

1 

22 
L 

BEGIN EX DATA 
RETAXIN TZ FOR f TD 17 
l3STAIN RX FOR 1 TO 19 
RETAXIN RY FOR 1 TO 17 
SUPPORT ALL FOR 1 11 101 111 

END BC DATA 

=GIN MASS DATA 
BEGIN CONDITION DATA 

END CQNDITION DATA 
STAGE 1 CONDITION 1 0 0 0 

END MASS DATA 

BEGXN DUEULAT DATA 
BJ3GZN GEOMl3'TRY DATA 

LIFTING SURFACE DATA 
PANEL Wl 0.0 160.0 233.2 273.2 0.0 300-0 0.0 0.0 
CHORD DIV 0.0 0 - 5  1.0 
SPAN DIV 0.0 0.2 0.4 0 - 5 5  0 - 7  0.82 0.92 1.0 I 

END GEOMETECY DATA 
BEGIN SUBSET DATA 

SUBSETS OF BOXES 
SUBSET w1 1 m 14 

END SUBSET DATA 
BEGIN MODAL DATA 

END MODAL Ij4R 
USE COO1 W I T 3 3  LXFTING SURFACE W1 

END DUE2;wiT DATA 

BEGIN FLUTTER DATA 
DAMP 0.02 0.02 0.02 0.03 0-03 0.03 
R S E T 1  1 2 3 4 
R S E T 2  1 2 3 4 5 6 

END FLUTTER DA!i!A 

BEGIN SUBSET DEFINXTIOk 
SUBSETS OF NODAL SEIP 1 

NO01 = 2 3 4 5 6 7 t 2  13 34 15 16 17 
NO02 = 2 To 7 
NO03 = 12 TO 19 
ONOO7= 2 3 13 14 4 5 15 16 6 7 17 12 2 

END SUBSET DEFINITXON 

END PR0BLE;M DATA 



NOTES : 

NODAL, STIF S I  and SUBSET 
DEFINITION bration analysis 
(see sec, 8-4-31 

I d e n t i f i e s  .the s t a r t  of DU&AT 

I d e n t i f i e s  the s t a r t  of DUB 

The data  fol lowins this record 

data  set 

planform ~ ~ G E ~ E T R Y ~  da ta  

e l i f t i n g  surfaces  as 
opposed to interference surfaces  

Defines t h e  boundary of a t rapezoi  

Defines t h e  loca t ion  of box leading a t r a i l i n g  edges 

Defines t he  loca t ion  02 box s i d e  edges 

I d e n t i f i e s  t he  end of t h e  * ~ ~ E ~ ~ R ~ ' ~  
I 

I d e n t i f i e s  the s t a r t  of DUBLAT 

Specif ies  t h a t  t h e  data f o l l o  t h i s  record def ine box 
subsets  

Defines a box subset comprised of ail 4 boxes on the surface 

I d e n t i f i e s  t he  e of the ~ ~ ~ ~ B ~ E T ~ ~  data  

I d e n t i f i e s  t h e  s t a r t  of the DUB 

Specif ies  t h a t  the  modal coe f f i c i en t s  COO used t o  
obtain displacements d pitching rot  
aerodynamic cont ro l  n t s  tiefineid by 

I d e n t i f i e s  the  end of the  v* a 

I d e n t i f i e s  t h e  en of the DUBLAY da t a  set 

I d e n t i f i e s  t he  start of the FLU 

Defines  t h e  s t r u c t u r a l  damping coeffic3.ent associated with 
each general ize  e of vibra t ion)  
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19 0 equation 

20 0 second f l u t t e r  equation 

Selects the generalized coordinates used to form the flutter 

Selects a di f f erent  set of generalized coordinates to form a 

0 Ident i f i e s  the  end of the F L U T T E R  data set 

@ Ident i f i e s  the end of the model-definition data deck 

8 . 5 . 5  Results 

The f l u t t e r  speeds and the resul t ing  v-g and v-f graphs are 
presented on t h e  following pages together with representative 
output from the VIBRATXON and DUBLAT postprocessors. 
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8 . 6  EXAMPLE 6 :  SUBSTRUCTURED STRESS ANALYSIS 

8.6.1 Description of Model 

The t o t a l  s t r u c t u r a l  model used i n  this example is t h e  box 
beam described i n  sect ion 8-0. T h i s  total structural mdel is 
analyzed using t w o  substructures as i l l u s t r a t e d  i n  f igure 8-7 ,  

8 . 6 . 2  Description of Analysis 

Substructure 1 is f u l l y  supported a t  the root. The following 
loads are applied t o  both substructures:  

0 A d i s t r ibu ted  pressure load ac t ing  i n  t h e  GLOBAL Z 
direct ion.  The pressure is uniform over each 
element and varies from a maximum at the root  t o  a 
minimum a t  the t i p .  

e A thermal loading consisting of a uniform AT of 
20WF on the upper surface and -200OF on t h e  l o w e r  
surf ace. 

I n  addition, a concentrated t i p  load act ing i n  t h e  GLOBAL Z 
d i rec t ion  and divided equally between f r o n t  and rear spars is 
applied t o  substructure 2- 
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1 7  

Figure 8-7. Subs t ruc tured  Wing Box S t r u c t u r a l  Model 
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8.6.3 Execut;ion-Control Data 
- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
t 2  
13 
14 
15 
16 
17 
38 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

BEGIN CONTROL PROGRAM SuBs"Ic'RC 
PROBLEM 11D (EXAMPLE OF SUBSTRWTURED STRESS ANALYSES) 
USER COMMON (I) 
BEAD INPUT (MODE2) 

PRINT INPUT (NODAL,SET=I) 
PRINT INPUT (STIFFNESS,SET=f) 
PRINT INPUT (LOADS SET=I) 
EXECUTE STIFFNESS (XET=I) 

FEAD INPUT (MODE21 
PRSNT INPUT (INTF%iACT,SS= (3,2f ,NoDE,CorJN,RETA,X,WAD) 
EXECUTE L o S  (SS=  (7,2) ) 
PBRFClRM SS-MERGE (SIIF,LoADS,SS= (1,2) ) 
P W O R M  SS-WDUCE (STfF,LOADS,SS= (1,2) ) 
PERFOW SS-ME;RGE (STIF,LOADS ,SS=3L) 

P-RM SS-PARTITION ( S S z 3 )  
PERFOml SS-BACK 
DO 20 I=?,2 
EXH2UTE S!I'R&SS (SS=I) 

DO 30 X=f,2 
PRINT OUTPUT (DISP,SS=I) 
PRXNT OUTPUT (STHESS,SS=I) 
PRINT OUTPUT (LOADS ,SS=I) 
PMNT OUTPUT (REACTIONS ,SS=I) 

END CONTROL PROGHAM 

DO i o  1=1,2 

10 CONTINUE 

PEZRFURM ss-ssoLvE ( s s = 3 )  

( S S = (  1 I 2) ) 

20 CONTLNUE 

30 CONTINUE 

NOTES: 

0 
0 

I 

Required i irst statement i n  an ATLAS execution-control 
deck- The name selected for this C o n t r o l  Program is  
SUBSTKC 

A s s i y s s  d t i t le  to  the problem, 
i n  the printout,  

This t i t le  w i l l  appear 

Defines the FOKTKAN variable I to be stored i n  a comon 
block so that the value assigned to I by this C o n t r o l  
Program i s  not destroyed between successive ATLAS 
statements, 

Lzirects ATLAS to read and check the first model- 
dekinition data deck. The substructure interact data 
forms the second data deck, 



Request formatted pr intout  of t h e  following input data  
f o r  s t r u c t u r a l  model SET numbers 1 and 2 :  

nodes 
s t i f f  ness elements Q loads 

D i r e c t s  ATLAS t o  execute the STIFFNESS processor f o r  
s t r u c t u r a l  model SFT numbers 1 and 2 for calculat ion of 
element s t i f f n e s s  matrices 

D i r e c t s  ATLAS t o  read and check the second data deck i n  
t h i s  job, This data deck, consis t ing of only t h e  
XNTERACT data,  are input  a f t e r  the STIFFNESS processor 
is executed so that any inac t ive  freedoms on the 
substructure in te r faces  a re  treated accordingly during 
use of t h e  automatic re ten t ion  cri teria (see sec. 5.9) e 

Requests a formatted pr intout  of the substruicture 
INTERACT data  f o r  substructures 1 and 2 

D i r e c t s  ATLAS t o  execute the LOADS Processor f o r  
substructure ( S S )  numbers 1 and 2 

D i r e c t  ATLAS t o  use the execution-control procedures S S -  
MERGE and SS-REDUCE t o  create the gross s t i f f n e s s  and 
loads matrices for substructures 1 and 2 #  and then 
create t h e  corresponding reduced matrices f o r  subsequent 
in te rac t ion  

D i r e c t  ATLAS t o  use the execution-control procedures SS-  
MEXGE and SS-SSOLVE t o  create the gross s t i f f n e s s  and 
loads matrices for the highest-level'substructure 3 ,  and 
then solve the resu l t ing  equations f o r  the  unknown 
displacements 

D i r e c t s  ATLAS t o  use the  execution-control procedure SS- 
PARTITION t o  prepare the loads-dependent matrices 
associated with substructure 3 for subsequent back- 
subs t i tu t ion  

D i r e c t s  ATLAS t o  use the execution-control procedure S S -  
BACK f o r  back-substitution i n  calculat ion of the unknown 
displacements fo r  substructures 1 and 2 

D i r e c t  ATLAS t o  execute t h e  STRESS processor f o r  
calculation for element stresses associated w i t h  
substructures 1 and 2 
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Request formatted printout of the following calculated , 

data for substructures 1 and 2: 

nodal displacements 
element stresses 
cumulated equivalent nodal loads and resultants 
of applied loads 

@ reactions 

Required last statement in an ATLAS execution-control 
deck 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

8.6.4 M d e l - D e f i n i t i o n  Data 

12 
13 
14 
15 
16 
17 

20 

B E G I N  NODAL DXIX 
SET 1 

REC SPAN 8 0 .  0 .  O., 253.2 300.0 Oo, 8 0 ,  0. 100. 
20 1000, 0. 0. 
RESUME Gmm 1 

ANALYSIS FRAME SPAN 
1 160. 0. 0. 15, TO 3 197,73333 100. 0. 12-5 

11 0. 0, 0 .  15. TO 14 116-6 150. 0 -  11.25 
101 160. 0- -45. 
11 1  0. 0- -45, 
REOFDER FROM 20 

SET 2 
kEC SPAN 80, 0, O., 253-2 300- 01, 80 ,  0. 100, 
21 1001, 0. 00 
RESUME GLclaAL 
ANALYSIS FRAIW SPAN 
3 197.73333 100. 0 .  12.5 To 7 273-2 300. 0. 7 . 5  
I4 116.6 150- 0 .  11.25 TO 17 233.2 300. 0. 7.5 

REORDER FROM 21 
E;ND NODAL DATA 

B E G I N  STIFFNESS DATA ' 

SET 1 
=GIN ELZI?IENT DATA 
SPAR N 1 0  1 2 -25 1-5 
SPAR Nl1 2 3 ** 
SPAR N20 I? 32 -25 1-5 TO N22 13 14 
COVER N 1  f 12 I1 -25 
WVXR N2 1 2 13 12 -25 TO N3 2 3 14 13 
BEAM N51 13 311 -25  0 .  0. -06 -03 .03 
f3EAM N52 3 101 ** 

END ELEMZNT DATA 

BEGXN EZL&MENT' DATA 
SET 2 

SPAR N12 3 4 -25 1-5 To N15 6 7 
SPAR N23 14 15 .25 t.5 To N25 16 17 
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36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 

4a 

5a 
49 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
6: 
66 
67 
be 
69 
76 
71 
72 
72 
74 
7: 
76 
31 
7E 
75 
8C 
81 
82 

SPAR N30 7 17 - 2 5  1.5 
COVER N4 3 4 15 14 -25 TO N6 5 6 17 16 
COVER N? 6 7 17 -25 

END ELEMENT DATA 
END STIFFNESS DATA 

BEGIN BC DATA 
SET 1 STAGE 1 
SUPPORT ALL FOR 1 1 101 191 
SUPPORT IRZ FOR 14 

SUPPORT RZ FOR 14 
SET 2 STAGE 1 

END BC DATA 

BEGIN LOADS rzATA 
SET 1 STAGE 1 
LOAD CASE 3B AIRLOAD *#ELEMEWL' PRESSUKE LOADIW# 

BEGIN ELEMENT LOAD DATA f 

LOAD CASE ID THSRMAL 4#+200 OEG. UPR, AND -200 LWR, # 

DLRECTIOEJ GLOBAL 0- 0 -  1- 
CASE AIRLOAD 

1 3-5 
*+2 1 - . s  

END E U m B T  WAD DATA 
BEGIN ELE3B3NT THERMAL WAD DATA 

CASE THERMAL 
10 11 20 21 22 200, -200,  200, -200, 
1 TO 3 200. -200. 

END ELEMENT TH- LOAD 

LOAD CASE ID ALHLXlAD *rELENENT PRESSURE LOADING# 

LOAD CASE ID THERMAL *#+ZOO BEG, UPR.'AND -200 ZMR, # 
BEGIN NODAL LOAU DATA 

SET 2 STAGE 1 

LOAD CASE ID TIPLOAD 4 ~ 2 0 0 0  LB. LOAD AT TIP+ 

CASE TIPLOAD, 

END NODAL LOAD DATA 
6EG3CN E;LEMEN T LOAD DATA 

7 17 FZ -?000, 

DIKECTXON GLOBAL 0. 0 .  1. 
CASE kIRLoAD 

4 2.0 
*+3 1 -.5 

END ELUENT LOAD DATA 
BEGIN ELEMWIT TIiERMAL LOAD aATA 

CASE THERMAL 
12 TO 1 5 ,  23 "0 25,  30 200. -200,  200 ,  -200, 
4 To 7 2 G O .  -200, 

END ELEMENT TKERMAL LOAD aA l l i  
END LOADS DATA 
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83 END PROBLEM DATA I 1  
84 
85 
86  
87 
88  
8 9  
90 
9 1  
92 

BEGIN KINTERACT DATA 
UNIQUE NODE NUMBI3RS 

D W I N E  SS 1 AS SET 1 STAGE 1 
DEFINE SS 2 AS SET 2 STAGE 1 
ss 3 

TOLERANCE ,001 
INTERACT 1 2 

DEZINE; HIGHEST SS 3 
END INTFSR?CT DATA 

)931 END PROBLEM DATA 

Ident i f ies  t h e  s t a r t  of the ItNODALn data set 

Define the NODAL data set fo r  s t ruc tura l  model SE2 
numbers 1 and 2; s imilar  data records are described f o r  
t h e  EXAMPLE 1 problem ( the  same nodes f o r  the non- 
substructured wing model) 

Define the STIFFNESS data  set f o r  s t ruc tu ra l  mudel SET 
numbers 1 and 2 ;  similar data records are described f o r  
the EXFLWLE 1 problem (the same elements f o r  the non- 
substructured wing model) 

Define the boundary condition (BC) data set for  
s t ruc tu ra l  model SLT numbers 1 and 2 ;  reference the  
EXAMPLE 1 problem description. 

Define the LOADS data set for  s t ruc tura l  model SET 
numbers 1 and 2; reference the  EXAMPLE 1 problem 
description of the three loadcases 

Iden t i f i e s  t he  end of t h e  f i r s t  model-definition data  
deck. The f i r s t  READ INPUT 
data record. 

Ident i f ies  the  start of the 
second READ INPUT statement 
data record. 

statement reads through t h i s  

INTERACT data set. The 
begins reading with t h i s  

Specifies t h a t  unique node numbers have been used 
throughout t h e  substructured model 

Define substructures 1 and 2 t o  be equivalent t o  SET=l1 
STAGE=1 and SET=2, STAGE=?, respectively 



@-@ Define substructure 3 to be created by interacting 
substructures 1 and 2; the geometric nodal coordinate 
tolerance t o  be used i n  automatically identifying the 
interacting nodes is set t o  . O O l  

Defines substructure 3 as 
i n  the  interact  diagram 

Ident i f ies  the end of the 

Ident i f ies  the  end of the 
deck 

0 
the highest level substructure 

INTERACT data set 

second model-def i n i t i o n  data 

8 -6.5 Results 

Representative output from a substructured stress analysis is 
shown on the following pages. Printout of input data (nodal, 
s t i f f n e s s ,  and interact) and output data (loads, displacements, 
stresses, and reactions) are included - 1 

8.7 
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8.7- 1 Descriptim of imdel 

The total structural model used in this example is the box 
b e a m  described i n  section 8 - 0 .  
substructures as  illustrated previously in figure 8-7. 

Lt is analyzed using two 

8.7.2 Description of Analysis 

T h i s  analysis is sunilar to that oi EXAMPLE 4; the only 
dikrerence being that the structural model is defined as t w o  
separate substructures. 

8 7.3 Execution-CmLrol Data 

BEGIN C o L  PROGRApI1 SUBVIF3 
PRQBLEM ID (E LE SUBSTRUCTUBD VIBRATION ANALYSIS) 

fcEAD XNPUT (MODE21 
PRINT XNPUT (INTERA(IT,SS= (?, 2) ,NODE:,CONN,REZA,BC) 
DO 20 I=1,2 
EXECU'KE STIFFNESS (SE3!=I) 
EXECUTE MASS (SET=I,OPTION=3) 

PERFOKM SS-MERGE (STIF, SS= ( 1 , 2) ) 
PERMlRM SS-REDU (STLF, SS= (1,2) ) 

USER COMMON (I) f 

20 CONTUNUE 

SS-MEkGE (STIF, SS =3) 
SS-MERGE (MASSuSS=3) 

PEKFOKM SS-VSOL (ss=3) 
EXr;CUTE VIBRATION (MISS=MREDQQ3, STllF=KRED003 ,NFREQS=8) 
PRINT OUTPUT ( V ~ ~ ~ ~ O N )  

,VsET=1,MODE=(l To 8 1 ,  

OFFLINE=SC4020, 
SCALE;=50. ~ u ~ N ~ = ~ ~ )  

m;ms : 
Required first statement in an AT 
deck 

execution control 

e to the problem. is title w i l l  appear 0 

6 



0 R e a d s  and checks the model-definition data 

R e q u e s t s  tormatted pxintout of the substructure XNTERACT 
data for substructures t and 2 

Execute the  STIlFFNESS andl MASS processors 
element s t i f fness  matrices and nodal mass 
substructures 1 and 2 

Transform the element st iffnesses into nodal stiffnesses 
for substxuctures I and 2 

C h i n e s  the nodal stiffnesses for substructures 1 and 2 
to form a gross s t i t f n e s s  matrix for substructure 3 

C h i n e s  the nodal masses for substructures t and 2 t o  
form a gross mass matrix for substructure 3 

Reduces -&he nodal mass and stiffness matrices,, In  this 
particular example, no reduction is imfolved'because a l l  
the interacting freedoms are retained; the net result is 
that the gross mass and st iffness matrices are assigned 
the names MHEDQ03 and XhED003, respectively. 

Calculates the eight  lowest-frequency vibration modes 

@@ 

0 
0 
69 

Prints the vibration modes 

E cts the vibration modes and geometry data f o r  
graphical display  

Generates SC4020 plots of the vibration m d e s  

Requked last statement in an ATLAS execution control 
69 

eck 

4 i 10 

I t  
12 

BEGIN NODAL 

0 .  0 ,  15, w 3 197.73333 0 0 ,  0 ,  12.5 
14 136-6  950- 0, 11-25 

C SPAN 80 .  0. Q., 253-2 300. 0 1 1  8 0 -  0 .  100, 

8-87  



. 

21 Tool* 0 .  0 .  
RESUME GLOBAL 
ANALYSIS FRAME S P q  
3 197-73333 100- 0 -  12-5 TO 7 273-2 300- 0s 7-5 
34 116.6 150-0 0 -  71-25 TO 17 233.2 300. 0, 7.5  
REORDER FROM 21 

END NODAL DATA 

13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
30 

39 
40 
41 
42 
43 
44 
45 
46 
49 

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

BEGIN STIFFMESS OATA ' 

BEGIN ELEMENT DATA 
SPAR N10 1 2 .25 1.5 
SPAR M11 2 3 -25 1.5 
SPAR N 2 0  11 12 *2 TO N22  13 14 
COVlER Nt 1 12 11 -25 
COVER N2 1 2 13 12 .25 TO N 3  2 3 14 1 3  . 

BEAN N51 13 131 -25 0. 0 .  -06 -03 -03 
BEAM N 5 2  3 101 ** 

END ELEMENT DATA 

BEGIN ELkWENT DATA 
SET 2 

1 

SPAR N12 3 4 -25 1.5 To N15 6 7 
SPAR N 2 3  14 15 -25 1.5 TO N 2 5  14 17 

COVER N4 3 4 15 14 -25 TO N6 5 6 17 16 
COVER N7 6 7 17 2 5  

SPAR NXI 7 17 42 

END ELt.=M1ENT DATA 
END STIFFNESS DATA 

BEGIN BC DATA 
SET 3 STAGE f 

RML"AIN 3% TY TZ IWT RY FOR 1 TO 100 
=E ALL FOR 20 
SUPPORT A L L  FOR 1 1 1  101 311 

RETAIN TX TY TZ.;KX BY FOB 1 TO 100 
FlsEE ALL FOR 23 

SET 2 STAtiE 1 

&ND BC DATA 

BEGIN 1 N T m C T  DATA 
UNIQUE NODE NUMBERS 

DEFINE SS 7 AS SET 1 STAGE 1 
DEFINE SS 2 AS SET 2 STAGE 1 
ss 3 

xiNTEaAcr 1 2  
NO GEOMETRIC RETAINS 

s s 3  
REFERENCE SS 1 
RE!€AIN TX TY TZ Hx RY FOK 3 14 

BEGIN BC CHANGES 

dND BC CI-IANaS 
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60 
si1 

62 
63 
64 
64 
65 

66 
47 
68 
69 
70 
71 
32 
73 
74 
75 
76 

77 

DEF1;ME H I G H S T  SS 3 AS SE;T 3 
END INTEHkcT DATA 

BEGIN SUBSET DEFINITION 
SUBS&TS OF NODAL SET 3 

ON001 = 2 12 13 3 4 14 15 5 6 16 17 7 + 
6 5 4 3 2 12 13 1 4 . 1 5  16 17 

END SUBSET DEPINITION 

BEGIN MASS DATA 
BEGIN CONDITION DATA 

END CONDITION DATA 
STAGE 1 CONDITLON 1 0 0 0 

END MASS DATA 
BEGIN MASS DATA 

SET 2 

STAGE 1 CONDITION 1 0 0 0 
BEGIN CQNDITION DATa 

END CONDITION D M A  
END MASS DATA 

END PWBLE24 DATA 

NOTES : 

Define tke NODAL, STIF'FNESS, and BOUNDARY CONDITION data 
for SET numbers 1 (defaulted) and 2; similar data 
recorrds are described f o r  the EXAMPLE 4 problem where 
the same nodes, elements, and boundary conditions are 
defined tor the nm-substractured d e l  

Identif ies  #e start of the INTERACT data set 

Specifies that  unique node numbers have been used 
throughout the substructured model, Nodes 3 and 14 
occur in both substructures, 

Specif ies  that substructure 1 corresponds to SET 1 and 

D e f i n e s  sribstrueture 2 

rodluces substructure 3 

Defines substructure 3 as the union of substructures t 
and 2 

Specif ies  that only the retained freedoms (TX,TY,TZ,RX 
and RY) for the interacting nodes (nodes 3 and 14) are 
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t o  be interacted,  I f  t h i s  record were o m i t t e d ,  freedom 
RZ would be included i n  the interact ion,  

Indicates t h a t  the boundary conditions f o r  the model a re  
t o  be m o d i f i e d  a f t e r  accounting for any interact ion 

Indicates tha t  boundary conditions f o r  substructure 3 
are t o  be changed 

a IndiCates t h a t  t he  nodes are iden t i f i ed  using t h e  
numbers assigned i n  nodal. data SET 1. This record i s  
redundant s ince  the UNIQUE NODE NUMBERS option has been 
specified. 

Specifies the  freedoms t h a t  are t o  be retained f o r  t he  
interact ing nodes. If  t h i s  record were omitted, nodes 3 
and 14  would not be retained i n  substructure 3. 

Ident i f ies  the end of the BC change data subset 

Defines  substructure 3 as the highest level substructure 
i n  the i n t e rac t  diagram and assigns t o  it SFX number 3 
and STAGE number 1 

I 

Iden t i f i e s  the end of the INTERACT data set 

Define an ordered nodal subset t o  p e r m i t  vibration modes 
t o  be plotted i n  conjunction w i t h  a g r i d  of lines t o  
enhance v i s i b i l i t y ,  Note that f o r  a higher leve l  
substructure, only retained nodes may be included i n  a 
subset, so nodes 1 and 11 have been omitted. 

Define the -%ASS data  f o r  SET numbers 1 and 2. Similar 
data records are described f o r  the E-LE 4 problem 
where the same mas.ses are described for  t h e  non- 
substructured model. 

* 

These records are required, The ,MASS preprocessor 
cannot process more than one substructure i n  a MASS data 
set. 

Ident i f ies  t h e  end of the model-definition data deck 

Results 

Representative output from the substructured vibration 
analysis is shown on the following pages. 
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8 . 8  EXAMPLE 8: STRUC'mFRAL D E S I G N  

8 . 8 - 1  Description of Analysis 

This example consis ts  of a f u l l y  stressed design of the wing 
box described i n  sect ion 8.0- The box is fully supported a t  t he  
root, Three loading conditions are applied: 

a} A dist r ibuted pressure load acting i n  the GLOBAL 2 
direction. The pressure is uniform Over each element 
and var ies  from a maximum a t  t h e  root to a midmum a t  
t h e  t i p -  

b) A concentrated t i p  load acting i n  the GLOBAL 2 
direct ion and divided equally between f ron t  and rear  
spars 

200°F on the upper surface .and '200aF on the l o w e r  
surface. I 

c)  A thermal loading consistjlng of a u n i f o r m  AT of 

The r a t i o  of section modulus t o  area for  the BEAMS is taken 
t o  be 0 . 5 ,  The following lower bounds are specified: 

0 Front and rear spar web thickness of 0.03, 
flange areas of 1 and s t i f f e n e r  areas of 0. 

0 Tip r i b  w e b  thickness of 0.036, flange areas  
of 1.1 and s t i f f e n e r  areas of 0, 

The following elements a re  s ized  t o  a specified margin: 

0 R e a r  spar t o  +0.05 

0 Cover elements 2 through 6 t o  +0.06 

The following material property codes (ATLAS standard materials) 
are used for calculating margins of safety:  

e M1 f o r  the SPAR elements 

8 M2 f o r  the COVER elements 

0 M3 f o r  the BEAM elements 

Note that LIe B F X I  elements are not  resized, 
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Resize cycles are performed u n t i l  one of the following 

a)  Five cycles have been performed 

b) The weight change between t w o  consecutive 

c) The r a t i o  of weight change t o  new to ta l  

conditions is s a t i s f i e d :  

cycles is less than 100 

weight for t w o  consecutive cycles  is less 
than 7 percent 

8 , 8  -2 Execution-Control Data 

12 
73 
14 
15 
16 

18 

20 

BEti IN CONTROL MATRIX PROGRAM E 0 4  
PROBLEN I D  (FULLY STRESSED DESIGN EXAMPLl3) 
USER COMMON (BEGCYCL,ENDCYCL,CURCYCL, COWERG, ISET, 

IL?TEGER BEGCYCL, ENDCYCL,CURCYCL 
1 ISTAGE,I;POS) 

DIMENSION CONVERG (17) 
BEGCiCL= 1 
EWDCYCL= 5 
CVNVERG(14) = 100, 
CONVERG(15) = -07 
READ INPUT (MODE2) 
PRINT I N P U T  (NODAL) 
P R I N T  I N P U T  (STIFFNESS) 
PRINT I N P U T  (LOADS) 
P R I N T  I N P U T  (DESIGN,SIZING) 
PERFORY DESIGN 
PRINT ILNPUT (BC) 
€BECUTS DESIGN (HISTORY,STAGE= 
P R I N T  OUTPUT (DESIGN) 
P R I N T  OUTPUT (DESIGN,HISTORY) 
END CONTROL PROGRAM , 

,CYCLE=l T O  5,SuB=20) 

NOTES : 

Required first statement i n  an A m  execution cont ro l  
deck. It should be noted that t he  word MATRIX i s  
included in t h i s  statement. T h i s  word i s  required when 
the S N W  language i s  used i n  a control deck. I n  this 
case, the PEWORM DESIGN procedure uses S N m K ,  The name 
selected f o r  t h i s  Control Program is UGO4. 

Assigns a t i t l e  t o  the  problem, This t i t l e  w i l l  appear 

Defines the FORTRAN variables  t o  be stored in a common 
block SO t h a t  their values assigned by t h i s  Control 

0 

0 i n  t he  pr intout ,  

@@ 
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8 
8 - 8 - 3  

P r o g r a m  are not destroyed between successive ATLAS 
statements. 

to direct 
and control the aUtoRtated Suucturtil  
five design cycles are requssted a1 
solution convergence criteria CSS 

Directs ATLAS to read afid check the model-definition 
data deck 

Request formatted priwout of: the follawing input data: 

nodes 
stiffness eleihehts 
loads 
&?sign 

Directs A!&M to perform an automated fully-skressed 
structural design. The DESIGN ekecdtion-cotitjcol 
procedure calculates the structural stiffnesses, forms 
the equilibrium cequaticms, solves fox displacements, 
stresses and reactions, resizes the element ptoperties, 
and calculates the structural weight variation, 

Requests a formatted printout of the boundary condition 
data 

D i r e c t s  ATLAS ita execute the UESIGN processor to extract 
the resizirtg history 202 the elements in subset (xeyion) 
number 20 defined by the data deck; the search is 
thraugh the five design CYCLES and €or the selected 
design loadcases 

Request pzintout af the resized elements ant3 the elem 
design histocry as calculated by the DESIGN pracessor 

Required l a s t  statement i n  an A!ELAS execution-ccmtrol 
deck 

Model-Definition Data 

BEGIN NODAL DATA 
REC SPAN 80. 0 .  
20 lO00. 0 .  0, 
RESUME GLOBAL 

1 160. 0 .  0 .  15, TO 7 273.2 300-  0. 7-5 
11 0, 0 -  0. 15. TO 13 233.2 300, 0. 7.5 

Y S I S  SPAN 

101 160- 0 -  -45, 
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9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
?9 
20 
21 
22 
23 

24 
25 
26 

27 

29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
4C 
41 
42 
43 
44 
45 
46 

28 

3 8  

41 

43 
50 
51 
52 
53 
54 

$a 

111 0 ,  0 ,  -45- 
REORDER FROM 20 

END NODAL DATA 

BEGIN STIFFNESS DATA 
BEGIN ELEMENT IIAm 

SPAR N70 1 2 -25 1.5 I! N 1 5  6 7 
SPAR N20 11 12 -25 1-5 TO N25 16 17 
SPAR N30 7 17 -25 1-5 
COVER N1 1 12 11 -25 
COVER N% 7 2 13 12 -25 TO N6 5 6 77 16 
COVER N 7  6 7 17 -25 
BEAM N51 13 111 -25 0 .  0 .  .06 -03 -03 
BEAK N52 3 101 ** 

END E U i M E N T  DATA 
END STIFFNESS DATA 

BEGIN BC DATA 

END BC DATA 
SUPPORT ALL FOR 1 11 101 311  

BEGIN LOADS DATA 
LOAD CASE ID AIliLOAD *IEI&XENT PRESSURE LOADING# 
LOAD CASE ID TIPLOAD * # 2 0 O O  I&. LOAD AT TIP# 
LOAD CASh ID THEliP4AL *#+200 DEG, UPR, AND -200 LWR, # 
BhG1.N NODAL LOAD DATA 

CASE TIPLOAD 
7 17 FZ -1000. t 

END NODAL LOAD DATA 
BhGIM ICLEMZNT ' LOAD DATA 

D I H E m I O N  GLOBAL 0- 0 .  1. 
W E  A3.kLOA.D 

1 3-5 
*+6 1 -.5 

ZND ELEMEXT LOAD DATA 
BEGIN ELENENT THERMAL LOAD aAiTA 

CASE THERMAL 
10 TO 15,  20 TO 25,  30 200- -200, 200. -200. 
1 TO 7 200. -200, 

E;ND E3iEXENT TKERMAfi . LOAD m!J!A 
END LOADS DATA 

BEGIN SUBSET DEFINITION 
SUBSETS OF STlFPNESS SET 1 

E l  = 10 TO 15 / REAR SPAR 
E2 = 20 TO 25  / FRONT SPAR 
E10 = 2 TO 6 / UFPES AND LO= SURFACE 
Ell = BEAMS 
E20 = ALL 

ET DEFXINXTION 

0.100 



55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 

BEGIN DESIGN DATA- 
MODE 1 
SET 1 

N30 ,035 1 - 7  *=3 Q 
END LOWER- DATA 
BEGIN MAHGIN DATA 

E l  .#5 
E10 -06 

END MARGIN DATA 
BEGIN STZING DATA 
MI SPAR 
M2 COVER 
Ed3 Ell 
END SIZING DATA 
BEGIN RESTRAIEJ-SIZZG DATA 

END R E S ~ I & f - S I Z I N G  DATA 
END DES D W A  

E l l  

)781 END PROBLEM DATA 

NOTES : 

Define the NQDAL, STIFFNESS, B COWDITION and 
LOADS data sets; these data ar ice1 t~ mat shown 
and aescribed far the EXl$MPLE 

Xdentigies the start of the SU T DETINITI a s e t  

i f ies  that subsets v e  defined for the structural 
ted as SET 1 

W i p e  element s w e t s  for: 

rear spar 
front spar 
upper and lower w i n g  surface 
a l l  the BEAM elements 
all the stiffness elements 

Xdentlcfies the end of the SUBSET DZFILNITION data set  

ntifies the start of the DESIGN data set  

8.101 



Specifies tha t  the input design data are new (MODE?) ; 
options are provided for updating the design data 
between successive design cycles,  

Ident i f ies  the design data w i t h  the s t ruc tu ra l  m o d e l  
designated as SET 1 

Define the PROPERTY data subset *ich is required when 
BEA!! elements are included i n  the s t ruc tu ra l  model t o  
convert the =stress calculated" element loads t o  element 
stresses 

Define the LOWER-BOUND data subset; the minimum gages 
allowed for  t he  model a r e  described i n  section 8 . 8 - t  

Define the 
subset E t )  
sized such 
sa fe ty  are 

Define the 

MARGIN data subset;  the rear spar (element 
and the s k i n s  (element subset E10) are to be 
tha t  t he  corresponding property margins of 
0.05 and 0.06, respectively. f 

S I Z I N G  data subset: the allowable stresses t o  
be used fo r  calculating margins of safe ty  for the  
various elements are those associated with the ATLAS 
standard materials (codes M1, M2 and M3) 

Define the RESTRAIN-SIZING data subset; the  wing s t r u t s  
ident i f ied  by the element subset E l l  are not to be 
r e s i z e d  

Ident i f ies  the end of the  model-definition data deck 

Results 

Representative output from the f u l l y  stressed design is shown 
on the following pages, Printout of input data (nodal, 
s t i f fnes s ,  boundary condition, and loads) and output data (design 
and design history) are included. 
design cycle is presented i n  f igure 8 - 8 .  

A p l o t  of t o t a l  w e i g h t  vs, 
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9-0 SNARK LANGUAGE 

To simplify the solut ion of matrix related problems not 
d i r ec t ly  solvable by the integrated capab i l i t i e s  of the ATLAS 
System, the high l e v e l  matrix-oriented language, SNARK, is 
provided by ATLAS.. The SNARK package includes the SNaRK 
language, the SNARK precompiler, and t h e  SNARK l i b ra ry  support 
routines. It is used extensively throughout the ATLAS System and 
can be used within ATLAS control decks t o  perform many matrix 
operations including algebraic rnatrix manipulation, matrix input 
and output on e i t h e r  random o r  sequential  f i l e s ,  management of 
matrix storage i n  core, and management of the ATLAS data base, 
Table 9-1 shows a summary of the SNARR commands, Detailed 
descriptions of SNARX dre presented i n  the SHARK U s e r h s  Manual 
ATLAS documentation I 

9.1 CONTROL PROGRAM APPLICATIONS 
4 

The ATLAS Control Program, as created from the user-written 
execution-control data deck, provides capab i l i t i e s  f o r  performing 
t h e  following functions : 

a) Define the  sequence and mode of execution of selected 
ATLAS modules 

b) Control ATLAS data-management functions 

e) Perform spec ia l  analyses  not d i r e c t l y  supported by t h e  
ATLAS System 

d) Perform data in te r faces  between t h e  ATLAS System and 
external programs 

The first t w o  functions are supported by the ATLAS System 
execution-control language whereas, i n  general, the  las t  two 
functions require the use of SNARK and FORTRAM, The primary 
function of SNARR i n  performing spec ia l  analysis  and interface 
capabi l i t i es  is in t h e  area of data management and matrix 
algebra- These functions are discussed i n  t h e  following 
sections. 

9.1  - 1 Data Manasement 

Whenever user  defined capab i l i t i e s  are defined i n  an ATLAS 
control deck, t he  need t o  manipulate data within the ATLAS data 
base is present. T h i s  may involve simply reading a data matrix, 
adding data to the data base, or modifying the exis t ing  data and 
replacing it i n  t h e  data base, The reading and replacement of 
data matrices, and t h e  in-core management of the accessed data 



axe handled by SMARX- The SNARK command RDMATRB, for example, is 
used t o  access a spec i f ic  data m a t r i x  within the ATLAS data base, 
The matrix is read i n t o  core and stored i n  blank common w i t h  any 
other data matrices read o r  defined by the  Control Program. All 
data matrices are stored i n  blank common between the las t  address 
loaded and the s ta r t  of the random access tables, 
area is managed by SNWiK i n  such a way as t o  prevent w a s t e d  space 
and to eliminate the need f o r  the user to know where, in blank 
common, a given matrix is located, The user-assigned position 
number of a data  matrix does not necessarily correspond t o  its 
position i n  core. When matrices change s ize ,  o r  are  writ ten out, 
created, or deleted, SNARK may reshuffle the position of matrices 
i n  core. T h i s  reshuffling is inv i s ib l e  t o  the user, as a l l  
references t o  a matrix a re  made w i t h  t h e  position reference 
n w e r  w h i c h  SNARK automatically r e l a t e s  t o  t h e  actual  matrix 
posit ion i n  blank cornon. 

This storage 

Adding or replacing data i n  the  da ta  base i s  accomplished by 
using the SMUiK command WTMATRB, T h i s  command allows a , d a t a  
matrix t o  be moved from blank common t o  the specified portion of 
the  ATLAS data base. 

xn addition $0 manaying t h e  ATLAS data base jnput iqd output, 
SNAKK can be usea t o  access anu/or replace data i t e m s  -thin a 
data matrix i n  core- This accessing can be done w i t h  a number of 
S N M  commands including SETELEM, SNARK CALL, and MOVE. The 
SETELEM command is used t o  set a matrix element or elements t o  a 
specified value, or to set a FOKTRAN variable t o  the value of a 
matrix element, T h i s  command is very ine f f i c i en t  for large 
blocks of data. In this case, it is more e f f i c i e n t  t o  pass the 
data Eatrix t o  a FORTBAN subroutine using the SNARK CALL command, 
The subroutine can then use the data matrix j u s t  as i f  it had 
received a FORTRAN array- knother method for using data matrices 
as FORTRAN arrays is t o  move t h e  data f r o m  blank comnon t o  a 
dimensioned FORTRAN array using t h e  SNARK MOVE command- These 
SNKRX commands a l l o w  the user t o  access individual data i t e m s  o r  
portions of data,  SNRRR a l so  supports a group of comraands w h i c h  
a l l o w  the user t o  manipulate d i r ec t ly  the data matrices i n  blank 
cornone These commands include the  m a t r i x  arithmetic commands 
discussed i n  t h e  following section, as w e l l  a s  commands for 
deleting KOWS or  columm?i# extracting r o w s  or  columns, extracting 
par t i t ions ,  and aerging matrices e i the r  r ' se  o r  columnwise. 

9-1-2 Matrix A r i t h m e t i c  

D i r e c t  manipulation of data matrices stored i n  blank common 
is supported by the SMBRT( lan e w i t h  a set of matrix 
arithmetic commands, These c nds ( table  9-1) allow t h e  user 
t o  add, subtractl ,  multiply and invert  ATLAS data matrices t h a t  
contain real numbers d a r e  stored as a s ingle  pa r t i t i on ,  

9.2 



Table 9-1. Summary o f  the SNARK Commands 

DATA MANIPULATION COMMANDS 

DEFID 

EXTID 

CHGMXD 

CIEAlWiAT 

CLEARPOS 

STOAUX 

DCTAIJX 

DELCLS 
DELRWS . 

EXTCLS 
EXTRWS 

EXTPRT 

MiGCLS 
MRGRWS 

MOVE 

SJZELEM 

SNARX c m  

Define a m a t r i x  a t  a specif ied posi t ion 

O b t a i n  a matrix row and column dimension 
and type 

Change t h e  dimension or type of a matrix 

S e t  a l l  elements of matrix to zero 

Clear a matrix pos i t ion  and r e l ease  i t s  
s to rage  area 

Store spec i f i ed  da t a  i n  the  mad-ix 
aux i l i a ry  U) 

Extra& the d a t a  in t h e  matrix auxi l ia ry  
I D  

Creates a new matrix from an existing one . 
by d e l e t i n g  specif ied r o w s  or columns 

Creates new matrix from an existing’one 
by extract ing specified rows o r  columns 

Ex t rac t s  a specirfied p a r t i t i o n  and stores 
it in a second matrix 

Used to  n l e r q e  two matrices rowwise or 
c o l y m w i s e  

Moves elements between SNARK matrices and 
FORTEAN a r r a y s  

Sets matr ix  elements t o  a value or  sets a 
FORTRAN v a r i a b l e  to a matrix element 

Call a FORTRAN subroutine o r  function 

9 . 3  



Tab1 e 9-1. (Concl uded) 

INPUT/OUTPUT COMMANDS 

PRNTMAT 

PIWTM1.D 

mMATRB 

RDMATSB 

WTMATRB 

WTMATSB 

ADD 

ADDT 

SUB 

SUBT . 

MPY 

MPYT 

TMPY 

INVERT 

TPSE 

Pr in ts  a matrix 

Prints a matrix I D  fieader record) 

R e a d s  a matrix from a random binary f i l e  

Reads a matrix from a sequential  binary 
f i le  

Writes a matrix on a random binary f i l e  

W r i t e s  a matrix on a sequential  binary 
f i l e  

MATRIX ARlThPETIC COPJ4ANDS I 

A 6 d s  two matrices together 

Adds a m a t r i x  t o  t h e  transpose of another 

Subtracts one m a t r i x  f r o m  another 

Subtracts the transpose of one 'matrix from 
another 

Multiplies two matrices together 

Postmultiplies a matrix by the  transpose 
of another 

Premultiplies a matrix by the  transpose 
of another 

Inv6rt.s a square matrix 

Transposes a matrix 

Declzes a SNARK program or subroutine 

Controls the processing of SNARK er rors  

Obtain information about the data storage 
. area (Blank Common) 
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9.2 EXTERNAL PROGRAM INTERF'ACES 

The capabi l i ty  t o  perform data in te r faces  between the ATLAS 
System and external programs is supported by SNARK, in 
conjuncticm w i t h  FORTRAN and the ATLAS execution-control 
ldnguage. When an intergace between ATLAS and an external 
prograu; i s  required, the general procedure is t o  use ATLAS t o  
generate the required data and t o  store the data i n  the ATLAS 
data base. SNARK language commands, i n  conjunction w i t h  FORTRAN, 
are then used t o  access the data from t h e  ATLAS data base, 
reformat it as necessary, and write the reformatted data onto the 
f i l e  o r  files required by the external program. D a t a  generated 
by an external program can be interfaced With ATLAS by using 
SHARK commands and FORTRAN statements w i t h i n  an ATLAS Control 
Program t o  read the data, format it i n t o  the required ATLAS 
in te rna l  format, and w r i t e  the data i n t o  the ATLAS data base 
where it can be used for  any subsequent processing by the ATLAS 
System. I n  general, the data in te r face  capabi l i t i es  of t he  
system are unlimited and may involve card input data, ATLAS 
generated data, externally generated data on random br sequential 
f i les ,  OK data generated by an  ATLAS Control Program, 

Figure 9-1 shows a flow diagram of an interface between ATLAS 
and the FLEXSTAB system (ref, 9-11 providing ATLAS generated mass 
and f l e x i b i l i t y  data t o  FLEXSTAB, and steady s t a t e  loads data 
from FLEXSTAB t o  ATLAS for  performing stress analysis and 
s t ruc tu ra l  design functions, T h i s  interface is  one of a series 
of standard ATLAS in te r faces  available t o  the user. O t h e r  
standard interfaces ,  as described i n  appendix G of the ATLAS 
User's Manual, include: 

a) NASA-LRC AIRPLAiVE CONFIGURATION PROGRAM INTERFACE-- 
Interface of the geometry input d a w  for t h e  NASA-LRC 
aerodynamic configuration programs (ref, 9-2) w i t h  
ATLAS. ATLAS nodal data can be defined by use of the 
interfaced geometry data. 

b) ATLtAS/NMTRAN SYSTEM INTERFACES--Interface of ATLAS 
input data t o  the NASTRAN System (ref. 9-3) and an 
interface of NASTRAN input data t o  ATLAS, 
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9.2.1 Control  Proqram Example 
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M A T R I X  SUBPOUTINE S T P E F I L  

PURPOSE T H I S  ROUTINE READS THE FCEXSTAB SYMMETRIC NET LOADS 
FROM F I L E  S 3 S S  AND SETS UP THE ATLAS NODAL LOADS MATRICES 

INPUT THE SDSS TAPE FPOY FLEXSTAB 

( R E F )  D6-41064-3 FLEXSTAB 1*(?2-00 PROGRAM DESCRIPTION) 

OUTPUT PSYMMXX - SYMYETRIC‘ NODAL LOADS MATRIX 

NOTE THc LOAD C A S E  NUMBERS M I L L  BE ASSIGNED 
SZkUENTIALLY BEGINING W I T t i  THE F I R S T  
INPUT FILE, 

F i L E  USAGE - OATARNF 
SAVESSF 

COElWON USAGE - 
x x x x x x x x x x x x x x x x x x x x x x x x  x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  
X X 
X S Y S T E M  E F R U R S  A N D  W A F h I N G , S  X 
X X 

X 
X / K E R K O R /  
X 
x x  x x  x x x x  xx x x  x x x x  x x x x x  xx x x x  Y X X  x x x  x x x  x xxx  x x x x x x x x x x x x x  x x x x x  

C n ’ l M O N  /KEFROF/ 

OIYENS ION KERFOP SI 1) 
* KEFROP9K%ARN,IPTU 

E QIJ I V AC EN C E ( KER F OP S p Kt4 A PN b 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  
x ,  X 
X P P O G R A M  S E Q U c N T I b L  F I L E S  X 
X X 
X / K Q B U F P /  X 
X X 
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x ~ x x x x x % x x x x x x  

CONYON /YQSUFP/ KQdUFP4 2) * S A V E S Y K S  9 S A V E S S L  9 S A V E S S 2  9 S A V E S 5 3  9 S 4 V E S S 4  P 
c SCOOSSF SCOISSF S C O E S S F  fi SCO3SSF 9 S C O 4 S S F  1 * D 3 A S F I L  
I W T E G E P  SAVECrSF 9 S A V E S S L  p S A V E S S L  9 S k V E S S 3  t S A V E S S 4  t 

* S C O O S S F  9 SC3lSSF  t S C 3 2 5 S F  e SCO3SSF 9 S C 9 4 S S F  t * D R A S F I L  

x x x x x x x x x x  x x xxxx  x x  x x  x x x  x xx x x  x x  x x xx xx x x x x  x x x x x  
X X 
X P F O G P A M  F A N O U M  F I L E S  X 
X X 
X / K Q R N U M /  X 
X X 
x x x x x x x x x x x x x x x x x x x x x x x y x x x x x x x x x x x x x x x x x x x x x x  

COM i4 0 N / KQ R NOM / 
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C 

C 

c 
C 
" 

C 
C 
c 

C 

C 
C 
C 

r_ 
C 
C 

C 
c 
C 

C 
C 

IYTEGER * * 
4: * 
* * * 

K Q  INDX 
ADDIGNF 
OU BL ii NF 
MERGPNF 
C3NTRNF 
FCOFFNF 
FU ELP NF 
SCOOFNF 
SCOOF IF 

ADOIPNF 
DU RCS N F 
YEF GPNF 
C O N  TRN F 
FL ORFNF 
FtJELRNF 
SCOnRNF 
SC OOR I F  

I KQRNDN 
9 AFLORNF t 

9 lNTFPNF 9 

t MULTRNF I 

9 VIBPPNF t 

9 SEbFFNF I 

t PAYLRNF 9 

I SCOlRNF t 

t S C 0 1 F I F  t 

AF 102 rYF 
INTEF NF 
MUL T P NF 
V I t3 R R !J F 
SEARFNF 
PAYLF NF 
SCOLPNF 
S C O l P I F  

K Q P N D I  t KQRND I 
CHOLRNF 9 DATAPNF t DESIPNF v 
LOADRNF I MACHFlVF 9 YASSPNF I 

FLUJRNF I FLEXFNF I EXlPRNF 9 

SCALPNF 9 BUCKFNF 9 ALGEFNF I 

R E S E P V E ( 3 )  v 
S C O Z R N F  9 SC03RNF 9 SCO4RNF 9 

SCOZRIF 1 S C 0 3 F I F  p SCOGPIF 

CHOLRNF I DATAFNF I DESlRNF I 

LOADFNF t MICHFFvF t MASSPNF 9 

PHU3RNF t S T I F P k F  9 STREPNF I 

FLClTRNf s FLEXPNF I EXTRPNF 1) 

SCALRNF I BUCKFNF t ALGEPNF I 

RESERVE431 9 

SC02RNF t SC03PNF e SC04RNF 9 

SCOZPIF t SCO3FIF 8 S C 0 4 F I F  

FH03RNF I STIFPNF 8 .  SlREPNF 9 

LOGICAL IFRREC 

SET UP F I L E  CATALOG A R R A Y  - 2+50 I 5 0  LOAD CASES) I 

OIMENSZON C A T L O G ( Z r 5 0 ) r l D U M ( l O )  
I q T E G E R  C4TLOG 

I N I I L I Z E  POINTERS AND SET UP THE MATRiX CATALOG 

DO 99 K = L r  100 
99  C A T L O G ( X 1  = 0 

NC = 1 
R E M I N D  SAVESSF 

1 3 3  READ ( S A V E S S F )  NAMEv I D U ' 4 [ 1 )  v I D U M ( 2 )  ,NF ILE  
IFIEOFISAVESSF)) 199,105 

105 IF (NAME.hE. lW*F IN ISHEO*)  GU TO 110 
NC = hC + 1 
GO TO 100 

113 I F ( N A ~ E . E a . 6 H ( L l ) - S )  C X T L O G t l r N C )  = NFICE 
GO TO LOO 

REWIVO THE S P S S  F I L E ' A N D  S E T  THE NIMBER OF CASES 

199 REWlVD SAVESSF 
I F I L E  = 0 
NCASES = Y C  - 1 
ESTfir3L I S H  I N O E X  NAMES 

N2SYYM = 7LQSYMMXX 

DEFIlUE POSI r ION REFERENCE 

NPOS = 1 

LOOP TO 1300 FOR E4CY LDAD CASE 
C 

LS = 0 
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C 
t 
C 

213 

223 

22  5 

23c 

C 
c 
C 

2 3  

2 1  

C 
C 
C 

C 
C 
C 

993  

1907 
c 
C 
C 

C 
r, 
c 

2 3 0 3  
2 0 3 1  

C 

DO L O O 0  K = l r N C A S E S  

P O S I T I O N  THE LOADS F I L E  FOP THE SYMMETRIC MATRICES 

N F I L E  = C 4 I L O G ( l r K )  
f F I Y F i L E . E Q . 0 )  GO r0  300 
I F ( Y F I L E- I F I LE 1 
REWIND SAVESSF 
I F I L E  = 0 
I S K I P  = N F I L E  - I F I L E  
DO 2 3 0  L = l , I S Y I P  
READ I SBVESSF)  
IFI EOF( S A V E S S F )  1 2301225 
C O N T I N U E  
[ F I L E  = N F I L E  

210 t 20 t 220 

S Y M M E T R I C  M A T R I X  

PEA0 ( S 4 V E S S F l  1 IDUH( J )  J = L , l O l  
NROW = I DUM( 8) 
1F INROW.EQ.O)  GO TO 1000 
I F ( L S e G T . 9 )  GO TO 2 1  
N S  = FiFrlW + 1 
DEF I3 
NROS = NFDW 
c s  = L S  + 1 
IF(NROW.NT.NROS) GO TO 200.9 
SETELEfI YPOS(1,LSJ TO = L S  

NPOS 9 N S  SNCASES t M I  XED 

CALL L F E A D  TO R E A D  THE L ~ A ~ I S  F I L E  

I 

S Y A F K ’  CALL LP EAD I N P O  Sr=LS,=NA ,=S4VESSFJ 

SP4CE Tn THE NEXT FILE 

k E A 0  I S A V E S S F )  

C O N T  I N l J E  
I F ( E f l F I S A V E S S F ) )  1000,999 

O U T P U T  T H E  S Y M M E T R I C  NATPICES 

I F ( L S + E Q * O 1  GO T O  1600 
CHGM IO NP 0 S p N S 9 L S 7 M I XF3 t SYH PETR IC 
P R U T Y A T  -11 . tNIJ:” j ,SYI - IMET4.1C I‘uODAL LOADS PlATRIX FPOM FLEXSfAB 

GO T O  2 5 0 3  
WTYATRB O - I T A K N F ,  N Q S Y M M I N P O S  

E F R O P  Y E S S f i G E  

P R I U T  Z O O L  
FOR,’+ A T (  / / / L O X $ *  E F P f l R  - I N C L l Y P 4 T I B L E  FO!J DTYFNSIONS FOR THE FLEXST 

L A D  N E T  LL1R‘)S - P R O C E S S I N G  4 d c J F T E 9  * / / / I  
K E R R O R  = KERROR + 1 

2500 C O N T I N U E  
R E T U R N  
El D 
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M A T F  I X S U B R O U T I N E  LR EAD (&PO5 9 L S  r NA v S A V E S S F )  
C 

C THE L O A D S  I N  B L b N K  C O M Y O N  ( M A T P I X  Q S Y M M X X I  
t 

C THIS SUBROUTINE R E A D S  THE FLEXSTAB LOPDS FILE AND s r a R E s  

DIMENSION A P O S ( N A p 1 )  
R E A D  I S A V E S S F )  ( A P O S ( J , L S l  r J = Z v N A )  
FETUPN 
END 
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9 - 3  SPECIAL ANALYSIS CAPABILITY 

SMSRX may be used i n  conjunction w i t h  FORTRAN t o  define 
analysis and/or input/output capabi l i t ies  t h a t  are not d i rec t ly  
provided by the ATLAS System. These nspec5ala Control Programs 
can be used simply t o  reformat output, or they  may be complete 
analysis p r o g r a m s  using ATLAS as an input generator and data 
management system, For these applications, SNARK is generally 
used t o  handle the required data management and matrix arithmetic 
functions 

Figure 9-2 i l l u s t r a t e s  a simplified procedural outl ine for  
de f in ing  additional analysis capabi l i t ies  w i t h i n  an ATZAS Control 
Program, This  procedure includes capabi l i t ies  defined s t r i c t l y  
w i t h i n  the  Control Program, and t h e  option t o  perform part  of the 
analysis external t o  the  ATLAS System. I n  this respecit, the 
procedural outl ine may apply t o  both external p r o g r a m  h t e r f a c e s  
and special  analysis capabi l i t ies  w i t h i n  a Control  P r o g r a m ,  



1 

ATLAS 

I--- 

EXTERNAL 

[-) 
e Formal8 
o ATLAS gcncratcd 
e Data in ATLAS common blocks . "Code" generated data 
e Card inpul 
a Extcmal fde input 

I 
OUTPUT DATA 

o Fornuts 
Printcd output 

m Extcrml wve tilBs 
0 Punch4 cards 

m Random files 
* Scqucntidl files 
0 Data matrices 

0 Random files 
Sequential filer' 

e Filu formats 

ESTABlISti DATA COMPUTATIONS 'MANIPULATION RCQUlRED I 

e Kccp balh 

e Eliminate - use ATLAS data 

e Bypass ATLAS calculatmn 

______? t STABLISIi DATA CCiJWUNICBTION 

FISED OlMCNSlON 
A>- 

e Replacc wnb SNARK 

e Eltrnm.m 

Converi io  a lowcr level overlay 

e Convert to a subroutine 

0 Data I/O 

e Program slruclurc 

e Compul;iltonr 

m Execution sequL?nco 

Figure 9-2. Procedural O u t l i n e  f o r  Control Program Coding 
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9 . 3 . 1  Control  Proqram Example 

C 
c \. - " 
C 
C 
C 
c " .  
" 
c .. 
C 
C 
C 

C 
C 
" 

C 
C 
C 
C 
c 4. - 
I 

C 
C 
C 
c 
" 
* 
c 
c " 
C 
C 
C 
C 
C 

c 

C 
C 
C 

- 
L 

B E G I N  CONTROL M A T R I X  PROGRAM D A V E  

T H I S  CONTPOL PFOGRAM PRESENTS A N  EXAMPLE OF 
A S P E C I A L  A N A L Y S I S  C A P A B I L I T Y  THAT ALLOWS THE 
USER Ti3 S P E C I F Y  THAT C E F T A I N  ROD ELEMENTS C A N  ONLY 

COVPRESSION ( T E N S I O N )  ONLY E L E M E N T  IS I N  
T E N S I O N  ( C O M P F E S S I O N I  THE CRClSS S E C T I O N A L  A P E A S  

E F F E C T  I V f L Y  REMOVING THE ELEMENT FROM THE 
STRUCTUF E. T H E  PROGRAM WILL A U T O M A T I C A L L Y  C Y C L E  
U N T I L  NO ELEMENT CHANGES T A K t  PCEICE. 

CAPRY C O Y P P E S S I O N  (OR T E N S I O N )  LOADS. IF A 

L l I L L  B E  SET TO A USER S P E C I F I E D  SMALL  VALUE, 

COMlClOhJ / U S E F C O M / L C S * I C Y C  PKCYCINSET~NSTAGE 
COYNON 
DIYENSIOU F E T ( l 0 0 , 3 1 r I R E C ( 2 5 J )  
3 4 T A  N D U T / 6 /  
E Q U I V A L E N C E  (REC, I R E C )  
PROBLEM I D t  T E N S I O N / C O M P R E S S I O N  ONLY PROGRAM - ROD ELEMENTS)  

/C4R D S / P  EC (25C 1 9 I D (  250 I 9 KRECS VKCDS, I TEMS, KERR (3) , JBL' 

G f A O  A T L A S  DATA 

READ INPUT 

READ T E N S I O N  COMPRESSION D A r A  - STACKEO AFTER END PROBLEM D A T A  

FORNAT -- B E G I N  COMPRESSION D A T A  / ' 

C Y C L E S  N LC M / *  
NSUB C V A L  T V A L  / 

END COMPRESSION D A T A  / 

WHERE - N = NUHBER O F  C Y C L E S  
M = LOAD CASE I D E N T I F I C A T I O N  
NSUB = E L i M E N T  SUSSET NUMBER ( I N T E G E R )  OF 

SUliSET I D E N T I F I N G  K O D S  TO B E  CHECKED 

WHcN STRESS IS N E G A T I V E  ( C O K P R E S S I O N I  

WHEN STRESS IS P O S I T I V E  ( T E N S I O N )  

CVAC = V A L U E  TO dti ICH ROD A 1 9 4 2  H I L L  BE S E T  

T V A L  = V 4 L U E  TO WHICH ROD A L v A 2  WXLL B E  S E T  

OPEN THE P E Q U I P E D  A T L A S  F I L E S  

C A L L  F I L E A D D (  FETeDATARNFp STRERNF,CONTPNF) 

I N I T I A L  I Z E  

N S E T = 1  
N S r 4GE= 1 
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c 
c 

C 
t 
c 
C 

P - 
c 
w 

c 

c - 
c 
L - 
” 
t 

+- v 

C 
C 
C 
C 

C 
t 
C 

10 

20 

30 

9 0  

I C Y C =  1 
KCY C=O 
L C S S O  

R E A D  T H E  S T I F F N E S S  PdPAMETER MATRIXIEXTRACT 
THE NUMBEF O F  ELEMENTS AND D E F I N E  THE 
T E N S I O N / C O M P R E S S I O N  PROPERTY IYATRIX. 

R DMATRB D A T A R N F e 7 L K P A R M S  I ,  1 
SETELEM =NCOL TO l ( 1 3 r l )  
O E F I D  Z ~ ~ ~ N C O L I M I X E D  
CLEARPOS 1 

READ AND CHECK THE I N P U T  DATA 

1 

C A L L  LODAREC 
KERROR = KERROR + KERRIlI + K E P R 1 2 8  

C A L L  LOOAREC 
KERRUP = KERGOP + K E R R I l )  + K E R R ( 2 )  
I F (  IFEC(1J,EQI3HEND) GO TO 90 
IF( 12EC(11 ,NE16HCYCLES)  GO TU 20 

IF4 f IP E C I  2) ,ANDe7777777700000OCOOOO~B) s N E e 4 L C O M P )  GO TO 8001 

1 F I  IO( 2 1 -NE. 5HF I X E D  1 GO TO 8ir01 
IF( I P E C ( ~ ) . L T , O . O R I I F E C ( ~ ) . G T . ~ ~ ~ )  GO TO 8001 
I C Y C  = I F E C ( 2 3  
I F (  IREC[ 3 f . N E e Z H L C )  GO TO 8001 
L C S  = I F E C ( 4 )  
GO r0 10 

IF( I D (  2) .NE,8HFLOPTING) GO TO 8001 
IF( I D (  3 ) . N E e 8 H F L 0 A T I N G )  GO T i l  8001 

C V = R E C l 2 )  
TV=REC( 3 )  

I F 6  I D (  1) e N E e S H F I X E D 9  GO T O  8001 

I F (  I F E C (  1 ) e L T - l e O R e I R E C (  1J.Gf -999)  GO TO 8001 

R E A D  THE R E Q U I R E D  SUSSET M A T k I X  AND C A L L  CTLOAD 
TO SET THE ELEMENT P R O P E R T I E S e  

f SUB = 

IF( I F R R E C 4 D P T A P N F p  I S U B ) )  3088000 
R@!IATRB 
E X T I T ?  1 , N F S I N C S t N T Y P E  
SNARK 

I U C R  ( 7 C S E K 0 0 0 4  9 4 9  6 r I  REC 4 1) 1 
I Z Z Z Z  = ISUB 

OATAR NF t I SUB 9 1 

C A L L  ’ CTLOAD( 1 8  2 t = N P  Sp=CY r = T V !  
GD TO 10 

CON T IN U E  

COMPFESS T H E  ZEROS A N 0  W R I T E  THE T E N S I O Y / C O M P R E S S I O N  
M A r R I X  ON CONTRNF, 

SN4RK C A L L  COMPP E [ 2 ,  =NCOL 1 
C HGM ID 
rJTMATRB CONTRNFp7LKCVALUE,Z  
C L E 4 F P O S  

29 3 ,  NCOL t M I XED p =O 

PFRFORM 4 STANDARD Q T L A S  S T R E S S  A N A L Y S I S  
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100 C O Y T I N U E  
PUR S E F I L E S ( S T I FR NF e Y E RG RNF 9 GH OL RN F 9 MUL T RNF 9 ST R ER NF J 
PERFORM STRESS 
PF I N T  OUTPUT(  STRESS)  
KCYC = KCYC + 1 
I F (  KCYC-GT. I C V C l  GO TO 4000 

C 
” REOPEN THE R E Q U I R E D  ATL4S FILES 4ND E S T A B L I S H  
C T H E  L O A C  CASE GEOUIREO. 
C 

c 

C A L L  
ROYATR 6 STREPNF,7LOCOORAA,l  
E X T  IO 1 9 NF C , NCC p NTY PE 
DO 13 K - l r N C C  
SETELEM =LCX TO l ( 1 , K )  
I F ( L C X * E Q . L C S )  GO TO 14 

F I L E A D D f  FETI DATAPNF, STRERNF vCONTRNFB 

13 C O N T I N U E  

14 LCX=K 
GO TO 8001 

CLEARPOS 1 
C 
” B R I N G  I N  M A T R I C E S  FOR STRESS E X T R A C T I O N  
C 

KCVALP = 1 
KSTRSP = 2 
KSTCOP = 3 
KSFMTP = 4 
K C V A L N  = 7 L K C V h L U E  
K S  TPSN 
K S  rCON 
K S F Y T N  = b L K S F 0 0 1 ~ O P . S H I F T ( N S E T 1 1 8 )  

= 
= 

5L S T O O l  -OR. S H I F  T (NSTAGE p 2 4 )  OF- S H  I F  T (  N S E T r  18 4 
5L S C N O l -  OR e SH I F  T 4 N S TAGE 9 24) .Of?. S H I F T  I NSE T I 18 ) 

IZZZZ = K C V A L N  
IF( IFRPEC(CONTRNFIKCVALN)  1 101~8000 

131  RDYATRB C3NTRNFp KCVALNnKCVALP 
IZZZZ = KSTRSN 
IF( I F R R E C (  S T R E R N F t K S T R S N )  1 L02r8000 

132 ROMATP 9 STP ERNF. KSTkSN,KSTRSP 
I Z Z Z Z  = KSTCON 
I F (  I F R P E C (  STREhNFvKSTCON) 1 103,8000 

193 RDYATR6 STF EFNFI KS TCON, KSTCOP 
lZZZZ = KSFMTN 
I F (  I F R R E C t  D A r A R N F v K S F M T N )  1 10498000 

E XT ID 
1 9 4  POYATRB DATAPNFpKSFMTN? KSFMTP 

KCVd LP r N 1 9  NOELM pN2 
NSBLK = 1 ’ 

N T E S T  = 0 
c 

P 
” 
” C A L L  CHGPGOP TO F E S E r  THE ROD P R O P E R r I E S  
c 

153 SNARK C A L L  CHGPF OP( KCVALP 9 K S  TF SP 9 KSTCOPt KSFMTP v =NOELM , 
- 1  =NJEST,=NSBLKt=LCXI  

G 
b NTEST = 1 NEW STRESS M A T R I X  REQUIRED 
C N T E S T  = 2 NEW K S F  M b T F I X  PEaUIFED 
C N T E S T  = 3 CYCLE BACK AND RECALCULATE STRESSES 

N T E S T  = 4 DO NOT CYCLE 4 G A I N  
C 

c 

c 

GO TO ( 1 0 0 0 ~ 2 0 0 0 ~ 3 0 0 0 ~ 4 3 3 0 )  I\lTEST 
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1003 

1 0 3 1  

c b 

2000 

2301 

r 

3000 

C 
4000 

c 

r- 
" 
Y 

r, 

t 

C 
c b 

s 000 

8001 

5013 
8 0 1 1  

9999 
t 

C 
#. &. 

* 
C 
t 
C 
t 
c 
b. 

c 
" 

C 
C 

YSTPSN INCP ( K S T R S N v 3 r S r l D  

IF( IFPFEC(STRERNF9KSTRSN)  1 l O O l r 8 O O O  
QDYATRB STPERNFpKSTRSNrKSlASP 

I Z Z Z Z  = KSTRSN 

NSBLK = NSBLK + 1 
GO TO 150 

WTNATP 6 
KSFMTN = I N C R ( K S F M T N t 4 t 6 t I )  

IF 4 I F R  F EC ( DP TAG NF 9 KSFMTN 1 1 
FDMATRB 

DATAF N F r  KSFMTNt KSFMTP 

I Z Z Z Z  = KSFMTN 
2301 t 8000 

D4TARNFp KSFMTN. K SF H T P  
GO ro  i s 0  

W TM ATP B DATARNFt KSF MTN t KSFMTP 
GO TO 100 

CONTINUE 

P R I N T  

P R I N T  
P R I N T  
GO TO 

ERROR 

W R I  TE 

THE F I N A L  DISPLACEMENTS AND REACTIONS 

OUTPUT(D1SPLACI  
OUTPUT(PEACTIONS1 
9999 

M E S SA GE S 

f NOUTr 80101 XZZZZ 
KEPPOR = KERROR + L 
GO TO 9999 
dPI TE t N O U T 1 8 0 1 1 )  
KERPOF = KEFROR t 1 
FORYAT( / / 5 X t *  ERROR - UN3EF ?NED M A T R I X  * r A 1 0 . / 1  
F O G M A T ( / / 5 X t *  E P F O P  - I L L E G A L  INPUT D A f A  4 / )  

CONTINUE 
END 

M ATR I X SUSP O U r I N  E C TLOAO I NSUB 9 KCVA t NR S * KC V p K T V  1 

T H I S  SUBROUTINE EXTRACTS THE INTERNAL ELEMENT 
NUMBERS FROM THE ELEMENT SUaSET M A T R I X  AND PUTS 
THE COR P E SPDN D I  NG TENS I ON-C CJMPfi E S SI ON AR EA S I N 
THE TENS IOU-COMPRESSION PPOPERTY MATP I X .  

V S U B  = ELEMENT SUBSET M 4 T F I X  
KCVA = POW O I Y E N S I O N  OF IJSUB 
KCV = CnMPRFSSION &REA 
K r A  = TENSION AFEA 

CIYENSION N S U B ( 1 J  t K C V A ( 3 p l )  
DO 50 Y = l v N P S  

DO 30 L = l e 6 0  
I W  = S H I F T (  I W v 1 )  

I W  = N S U B ( Y 1  

I T  = I V 1 - 4 N O e l B  
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C 
c 
c - 
w 

C 
C 
C 
t 

C 
i 
C 

t 
C 
C 
C 
C 
C 

C 
C 
C 

c 

c 
1 

- ” 

IF(  I T - E Q . 0 1  GO TO 30 

K C V A (  Ir NUM) NUM 
K C V A ( 2 r N U M )  = K C V  
KCVA(3 ,NUM)  = KTV 

NUM = 6 0 * ( K - l ) + L  

33 C O N T I N U E  
50 C O N T I N U E  

RETURN 
E N D  

M A r P I X  S U B R O U T I N E  COMPRE( KCVAfNCOI.8 

T H I S  S U B R O U T I N E  COMPRESSES T H E  ZEROS OUC OF 
T H E  F I N A L  T ENS ION-COM PP E S S I 011 PROPERTY MATR f X I  

K C V A  = PROPERTY M A T R I X  T O  BE COMPRESSED 
NCOL = COLUMN D I M E N S I O N  i lF  KCVA 

D I Y E N S I O N  K C V A (  3 r  1) 

DO 50 K = l v N C O L  
NAC = 0 

I F ( K C V A ( l , K ) . E Q . O )  GO TO 50 
NAC = NAC + 1 
Y C V A (  I V N A C )  = KCVA(  1 r K )  
K C V A ( 2 r N 4 C I  *= KCVA(2 .K)  
K C V A ( 3 r N A C )  = K C V A ( 3 r K )  

50 C O N r I N l J E  
NCOL = NAC 
RETURN 
END 

M A T R I X  S U B R O U T I N E  CHGPROP ( C V A L  I STRSI I NOS, E L E M ?  NOELM, 
I N TE ST t N S 3  L K  r L C  S 1 

T H I S  S U B R O U T I N E  CHECKS THE ROD STRESSES AND IF THE 
FLEMENT IS I N  T E N S I C N  THE AREA IS SET TO THE I 

T E N S I O N  APEA AND I F  THE E L E M E N T  IS I N  COMPRESSION 
T H E  A R E A  I S  SET T O  THE C O M P P E S S I O N  AREA, 

C V A L  = TENSION-C!lMPPESSION PROPERTY MATRiX 
S T P S  = S T F E S S  M A T R I X  P k R T I T I O N  
I N O S  = STRESS CONTROL Y A T P I X  
E L E H  = STRUCTURCL ELEMENT M A T R I X  P A R T I T I O N  
NOECM = NUMSER OF E L E M E N T S  
N r E S T  = P A F T I T I O N  I N O I C A T O F  
K S B L K  = NUMBER OF STRESS M A T P I X  P A R T I T I O N S  
L C S  = L O A D  CASE I D E N T I F I C A T I O N  

0 I M t N S ! I ‘2 C V 4 L 3 v 1 1 9 S TQ S t I 4 p I NO S ( 1 1 I E L EM 1 t 
MASK = 177776 
I F ( N T E , 2 r . E Q . n )  GO TO 1 
GO T3 i l L 5 r i .  N T E S T  

L NCPL = c? 
I T S  = 0 
N E 1  = ECEW( 1 1  .PNO*tllASK 
N E 2  = S H I F T f E L E M l  L)v45) .AND.PlASK 

9.17 



NE2 = NE2 * N E 1  - 1 
GO TO 100 

2 NE1 f ELEMl 1 1  -AND.MASK 
N E 2 = SH I F T ( EL EM ( 1 1 9 4 5 J A NO m MA SK 
NE2 = NE2 + NE1 - 1 
GO TO 101 

1FINCPl.ST.NOELM) GO TO 1000 
100 N C P l  = N C P l  + 1 

NINTG = CVAL l l rNCPl ) -ANDm#ASK 
131 IF(MINTR.GToNE2) GO TO 2000 

JUNK = NINT'F - NE1 + 2 
NPNT = ELEMI JUNK) eANOoPIASK 
I F (  ISHIFTLECEMIJUNK) ,6 ) .AND.77BIeNE,1 )  GO TO 8001 

c " 
c " EXTRACT ROD STRESSES AND SET PROPERTIES 
C 

JUNK = NINTR 

NPOO = NPOO+3*(LCS-1) 
MPOO = INDS(  JUNK) oAN0.277776 

NPRT = S H I F T (  i N D S ( J U N K ) , 4 6 L A N D e l f 7 7 8  
115 IF(NPRT.NEoNSBLK) GO TO 3003 

PCK = ELEM(NPNT+2) 
I F 4 S TR S ( NPDC 1 . L T  0 0 1 
I F  S TR S ( N PO 0 8 GT o 0- 1 
IF( PCK.NE.ELEM(NPNT+Z)) I T S  = L 

ELE M (N PN T+2 )=EL EM( NPN T+3 1 =C V A L  ( 2 r NCP 1 
EL E M I  NPNT +2 1 =EL E M( NPN T+ 3 1 =C V A L  ( 3 9 NCP 1 ) 

GO TO 100 
C 
L. WE A R E  COMPLETE c 
r 
L 

1000 N E S T  = 3 
IF( ITS.EQ.0) NTEST = 4 
GO TO 9999 

C 
i. NEW ELEMENT M A T R I X  PARTI  r I O N  I S  NEEDED 
C 
2000 N T E S T  = 2 

GO T O  9999 
C 
C NEW STRESS M A T R I X  f A R T I T I O h  IS NEEDED 
C 

3000 NTESr  = 1 
GO TO 9999 

C 
8 0 0 1  PRINT 90Q1,NINTP 
9331 F O F M A T ( / / S X , *  WPRNING INTERNAL ELEMENT+r Ib r *  IS NOT A POD*/)  

GO m 190 
C 
9999 CONTIYUE 

P E TURN 
END 
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GLOSSARY 

The in t en t  of t h i s  glossary is to provide a convenient 
reference fo r  t h e  common terms closely associated w i t h  t h e  use of 
ATLAS. 

Alqorithm - -- A set of ru l e s  or processes for the solution of a 
problem i n  a f i n i t e  number of steps.  

Alphanumeric Text -- A sequence of characters, An input data 
t e x t  s t r i ng ,  which may not include # (a quotation mark when 
u s i i g  a terminal) ,  is i n i t i a t e d  by t h e  t w o  characters *# and 
i s  terminated by t he  # character. 

Alphanumeric Word -- A word w i t h  a t  least  one nonnumeric 
characser t h a t  can not be interpreted as a *@decimal;' or an 
"integer'* number 

Analysis Reference Frame -- The GLOBAL or a lwal coordinate 
system used t o  measure the kinematics of a node, The input 
frame and t h e  analysis frame associated w i t h  a node may be 
di f fe ren t  - 

A T l i s t  -- This word denotes t h a t  one i t e m ,  a list of data i t e m s ,  
o r  a data generation l i s t  :nay be input for t h e  corresponding 
input data,  Any combination of the  following A T l i s t  options 
can be used when indicated within a data record: 

I i t e m  
A T l i s t  = list I a TO b <BY c> 

Examples of A T l i s t  are: 

2 TO 10 BY 2 denotes 2,4,6,8,10 
3,5,N2 TO N4,12 denotes 3,5,N2,N3,N4,12 
A26,T1A05 TO T l A l l  3Y 2 denotes A26,TlA05 ,T1A07 ,TU09 ,TlA' l l  
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Boundary Condition 4BC) D a t a  -- Six degrees of freedom define the 
kinematic ( r e s p n s e )  ot each node. The BC input data are 
used t o  ident i fy  one of t h e  following activities for each 
nodal degree of freedom: 

a) FREE; -- Unconstrained f r eedms  that are reduced 
from the gross (overall) s t i f f n e s s  equilibrium 
equations during t h e  generation of reduced 
matrices, 

b) RETAIN -- Unconstrained freedoms that are retained 
i n  the reduced matrices, A freedom must be 
retained if 

1. It is t o  be used exp l i c i t l y  i n  defining 
t h e  equations fo r  a vibrat ion analysis or 
a buckling analysis. 

2, It is a freedom of one substructure t h a t  
i n t e rac t s  ( jo ins  s t ruc tura l ly  apd 
kinenatically) with a corresponding 
freedom i n  another substructure. 

c) SUPPORT -- Freedoms f o r  which displacements a re  
specif ied,  A nonzero specified displacement is 
enforced or the freedom ' i s  r ig id ly  fixed. 

C A T l i s t  -- This  word denotes that one execution parameter, a list 
of parameters, o r  a parameter generation list may be input. 
Any combination of t h e  following CATlks t  options can be used 
when indicated within a parameter list f o r  an ATLAS 
execution-control statement: 

C A T l i s t  = (list) I" a TO b <BY c> 

Example uses of C A T l i s t  are: 

EXECUTE STRESS (LC= (CRUISE, 10 ,TS TO T20 ,DIVE) 1 
PRINT I N P U T  (INTERACT,SS=(2,5,4 TO 12 BY 2 ) )  
PRINT OUTPUT (REACTIONS,LC=(UP,DS TO D 4 0  BY 5 } )  

Checkpoint -- A point during execution of a program a t  which 
processing is hal ted momentarily. Information associated 
w i t h  the job are saved for subsequent restart of the program 
execution. 
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Compile -- To produce a binary-coded (machine language) program 
from a program t h a t  is wri t t en  i n  a source (symbolic) 
language 

C o m p i l e r  -- A program that t r a n s l a t e s  a programming language 
meaningful t o  a person i n t o  codes that are meaningful t o  a 
computer. 

Control Card -- A d i r e c t i v e  t o  the  computer operat ing system t h a t  
describes requirements f o r  a job and i n i t i a l i z e s  execution of 
a program. 

Control Command -- An ATLAS execution directive t h a t  is spec i f ied  
i n t e r a c t i v e l y  t o  direct on-line execution of any ATLAS System 
Module and t o  cont ro l  data management functions; 

- 

-_I Control Deck -- See Execution Control Deck 

Control Procedure -- A catalog (sequence) of ATLAS control 
statements t h a t  is used t o  perform a c e r t a i n  analytical 
funct ion,  Execution of a control  procedure is i n i t i a t e d  by a 
"PERFORM Procedurese control  statement,  where '*Procedure** i s  
t h e  name assigned t o  t h e  catalog, Standard ATLAS procedures 
are provided t o  perform standard types of analyses. 

Control Proqsm -- The ATLAS executive program which is created 
automatically by compiling t h e  user-supplied ATLAS Execution 
Control Deck, The Control Program directs execution of ATLAS 
for  solving s t r u c t u r a l  ana lys i s  and design problems, 

-I_ Control Statement -- An ATLAS execution d i r e c t i v e  t h a t  i s  defined 
i n  the  user-oriented ATLAS language. Multiple cont ro l  
statements are used to create an ATLAS Control D e c k ;  each 
statement i n i t i a t e s  one or  m o r e  execution s t eps  i n  the  
problem solut ion.  

D a t a  Base -- A co l lec t ion  of interrelated physical d a t a  arranged 
in d unif ied  manner t h a t  are serviced by a single data base 
manager - 
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D a t a  B a s e  Manaqer -- The hardware and software complex used t o  
store and access da ta  according t o  a set of ru l e s  fo r  t h e  
def ini t ion,  organization, protection, and efficiency of the 
data base. 

D a t a  Deck -- O n e  or more data sets used t o  define a mathematical 
problem tha t  is t o  be solved by ATLAS. 

D a t a  Iteg -- Either a number or an alphanumeric word (character 
s t r ing)  

D a t a  Manaqement -- The organizing, cataloging, locating, storing, 
re t r ieving,  and maintaining of data. 

D a t a  Record -- One or  more input data items. A record commonly 
implies a data card, although it may require t w o  or Fore 
cards, All data i t e m s  i n  a data record can be input i n  a 
f ree-f ie ld  format, 

-- D a t a  Set -- A block of input data that is associated with a 
par t icu lar  engineering technology and is ident i f ied by a key- 
word, Examples are NODAL, BC, STIFFNESS, LOADS, MASS, and 
FLUTTER. A data set  may include one or more input data 
subsets. 

--- Data Subset -- A log ica l  group of data w i t h i n  a data set, A data 
subset (and a data set) i s  composed of many data records, 

Decimal N u m b e r  -- A positive or negative number input either with 
a decimal point  o r  by use of the FORTRAN E-Format. 

Desiqn CYCLE -- Each automated design cycle ( i te ra t ion)  includes 
the  following: 

a) Generation of the structural s t i f f n e s s  matrices 

b) Solution for nodal displacements and element stresses 

c) Calculation of margins of safe ty  based on the  specif ied 
design c r i t e r i a  

d) Updating (resizing) the element properties 



Diaqnostic -- A message tha t  r e s u l t s  from the detection of an 
error or malfunction i n  the computer hardware or software 
during execution of a job- 

D i r e c t  A c c e s s  -- Synonymous w i t h  random access. 

Dump -- T o  copy the contents of a l l  or pa r t  of t h e  computer core 
memory onto an external  storage medium. 

Element Reference F r a m e  -- A coordinate system associated w i t h  a 
f i n i t e  element, Each s t ruc tu ra l  f i n i t e  element and s o m e  of 
t h e  m a s s  f i n i t e  elements have their own element reference 
frames. Each frame is  a right-handed, rectangular system 
t h a t  is oriented according t o  the sequence of nodes used to  
define the element. Input sec t ion  properties, calculated 
stresses,, and optionally, the dist r ibuted element loads, a re  
based on the  or ientat ion of these reference frames, 

ERROR -- Whenever a computer operating system error occurs during 
execution of ATLAS, or when a f a t a l  inconsistency is detected 
either i n  t h e  data or i n  the user-selected execution loqic, 
an ERROR message is  printed,  In  t h i s  case, only the 
execution d i rec t ives  included i n  an nERROR PROCEDUREgR within 
the  Control Program are processed pr ior  t o  terminating t h e  
job. 

Execution Control Deck -- A sequence of user-specified ATLAS 
execution-control statements t h a t  i den t i f i e s  which ATLAS 
€unctions a r e  t o  be used i n  solving a problem. 

Execution Parameter -- A user-selected option associated w i t h  
execution of an ATLAS program module. A parameter can 
ident i fy  a single value, a l ist  of values enclosed by 
parentheses, or generation of parameter values using the  ua 
TO b <BY c>* option, Example parameters are: 

SET=2,LC=(lO, 12,40) ,STRESSES 
STIF=KRED,STURM,SUBSETS=N2 TO N6 

Executive -- That software which manages other software t o  
perform data management o r  numerical computations, 



Extract -- To choose from a set of i t e m s  a l l  those tha t  m e e t  some 
criteria. 

--- Filename -- The name of an ATLAS System data file- A l l  input 
data are stored i n  the file DATARNF, whereas output data from 
a processor are stored in its owrz f i l e .  Ekamples are STIFRNF 
for the  STIFFNESS Processor. DESIRNF for DESIGN, LQADRNF €or 
LOADS, and STRERNF for STRESS. 

I___- FORTRAN -- FORmula TRANslating system. A programnhg language 
used t o  write programs i n  a form that resembles algebra, 

FREE -- See Boundary Condition (BC) D a t a  

GLOBAL Reference Frame -- The common coordinate system that is 
used fo r  referencing input data and output data associated 
with a s t ruc tu ra l  and/or a mass m o d e l .  This coordinate 
system is a right-handed, Car tes ian  t r i a d  denoted by X-Y-Z. 

H a r d  Copy -- A printed copy of machine output i n  a visually 
readable form (e.g I, , listings . printed reports,  plots 
displayed on paper) .c 

Inactive Freedom -- A nodal degree of freedom t h a t  has zero 
s t i f f n e s s  and is automatically ignored by ATLAS durinq the 
solution process. 

Input Reference Frame -- The GLOBAL o r  a local coordinate system 
used t o  define nodal coordinates, 

Inteqer N u m b e r  -- A posi t ive or negative number without a decimal 
point 

Inteqrated Software System -- A network of program modules for 
performing single-disciplined or multidisciplined tasks with 
a common data  base manager, and with standard user in te r faces  
for execution control and da ta  base interrogation. 
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In te rac t  Tree -- A diagram defining how substructures are 
interacted (merged) t o  form the  t o t a l  s t ruc tu ra l  m o d e l  for  
substructured analyses (see Substructure) . 

Xnterfaced Programs -- Independently-developed standalone 
programs t h a t  are interfaced by data  converters. 

Interpreter  -- A program tha t  t r a n s l a t e s  and executes user- 
oriented language statements a t  run time. 

Job -- A specified group of tasks prescribed as a u n i t  of work 
for a computer, A job usually includes a program, 
instruct ions t o  the  operating system, and the  necessary data,  

Job Control Deck -- A sequence of job control cards required f o r  
executing a job deck on a computer. 

I 

Job Pr io r i ty  -- A c lass  assigned to  a job t h a t  determines t h e  
priority t o  De used by the computer operator i n  scheduling 
ana al locat ing resources for  execution of the job- 

Key-Word -- A data i t e m  or an execution parameter t h a t  nust  be 
input as shown o r  at least t h e  underlined portion thereof. 

LibraXRoutine -- A routine that is kept permanently available 
and w h i c h  is designed t o  accomplish some comonly used 
mathematical function. 

L i s t i n q  -- A printout  of computer cades and data-  

Load -- To enter  data from external storage i n t o  memory storage 
or  working reg is te rs  of a computer. 

Local Reference Frame -- A right-handed, orthogonal coordinate 
sys t em that may be rectangular, cy l indr ica l  or  spherical-  
All local frames are defined r e l a t ive  t o  the GLOBAL reference 
frame as par t  of the NODAL data set.. Local frames can be 
used for t h e  following purposes: 

a} Define node locations 
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b) Define nodal load d i r ec t ions  

c) Define nodal boundary conditions and support 
displacements 

d) Define geometry components of the s t r u c t u r a l  and/or 
m a s s  model 

e) Measure the nodal displacement components r e su l t i ng  
from stat ic-equivalent  loads or t h e  mode shape 
components associated w i t h  s t r u c t u r a l  buckling o r  
v ibra t ion  

f) Measure t h e  input and output concentrated-mass 
inoments of i n e r t i a  

Mass Distribution Condition -- A user-selected combination of any 
of t h e  following types of mass-related model components for 
calculat ing reduced m a s s  matrices associated with the 
re tained nodal freedoms o r  f o r  ca lcu la t ing  panel-weight 
matrices f o r  a SET: 

a) S t ruc tura l  m a s s  defined by the s t i f f n e s s  elements 

b) Non-structural mass defined by the  mass f i n i t e  
elements 

c) Fuel d i s t r ibu t ions  

d) Payload d i s t r ibu t ions  

e) Concentrated masses 

Materid1 Codes -- Three types of l i nea r ly  elastic materials can 
be used i n  defining the s t r u c t u r a l  f i n i t e  element mdel, 

a )  Standard -- Cormonly-used, i so t rop ic  materials t h a t  can 
be accessed d i r e c t l y .  Their reference codes 
are M1 through M10. 

b) Special  -- Three-dimensional user-def ined materials that 
can be i so t rop ic  o r  orthotropic,  Their  
reference codes a r e  M 5 1  through X99. 

materials  for analyses using the composite 
f i n i t e  elements, Their reference codes are C1 
through C31, 

c) Composite -- Two-dimensional user-def ined or thotropic  



The data corresponding to  each material code include its 
densi ty  and the following information, general ly  fo r  a number 
of temperature levels - 
a) Young's modulus 
b) Poisson's r a t io  
c) Shear modulus 
d) Thermal s t r a i n  
e) U l t i m a t e  and y i e ld  stress allowables I 

Mathematical N o d e 1  -- T h e  system of mathematical equations t h a t  
character ize  the  problem defined by the model-definition data 
deck. Solutions of the equations are performed by ATLAS. 

Merqe -- To combine items from t w o  or m o r e  s imi l a r ly  ordered sets 
i n t o  one set that i s  arranged i n  t h e  same order, 

Mid-Surface X o d e s  -- Nodes w i t h  four  coordinates used pr imari ly  
for defining the  ATLAS SPAR, COVER, and CGOVER f i n i t e  
elements. 

_I_- MODE1 D a t a  InDut -- The end of a data record is i d e n t i f i e d  either 
by t h e  / symbol or by the $ symbol. Information following 
t h e  / syrnbol are treated as data deck comments, whereas 
information following the  $ symbol are assumed to  be data  
i t e m s  for the  next  data record. 

MODE2 D a t a  Inpus -- The same as MODE1 Data Input except t h e  
right-hand boundary of a card also acts as  an end of data 
record, and a plus s ign  (+) must be used as  the  l a s t  
character on a card when the record continues onto t h e  next 
card (. 

Module -- A computer program that performs a well-defined 
engineering, mathematical, or data management task.  

I__ Node -- A point  i n  space used t o  idea l i ze  the geometry of a real  
s t ruc ture .  Each node i s  iden t i f i ed  by an in teger  number- 
S t ruc tura l  characteristics are idealized by f i n i t e  elements 
that  are interconnected a t  the  S t ruc tu ra l  nodes. A node used 
t o  o r i e n t  and/or posi t ion a f i n i t e  element r e l a t i v e  t o  
St ruc tura l  nodes i s  called an Auxiliary node, A node used to  
def ine mass f i n i t e  elements and concentrated masses is called 
a Mass node., 



Off-Line -- Pertaining t o  the  operat ion of peripheral equipment 
t ha t  is no t  under the cont ro l  of t h e  computer, 

On-Line -- Pertaining t o  t h e  operat ion of peripheral  equipment 
t h a t  is under t h e  control  of the computer.. 

O p e r a t i n q  Systen - An integrated co l l ec t ion  of rout ines  that  
provides a log ica l  extension of t h e  computing hardware, It 
controls  t h e  execution of computer programs and may provide 
input loutput  control ,  accounting, compilation, storage 
assignment, etc I 

Output -- Information t ransfer red  from t h e  computer t o  a 
peripheral  device e 

I 

Overlay ProqrG -- A program tha t  is  comprised of modules 
(subprograms) w i t h  segments t h a t  use the same storage 
locat ions at d i f f e r e n t  t i m e s  during execution. When one 
rout ine is  no longer needed i n  s torage,  another rout ine 
replaces  a l l  or p a r t  of it. 

Pivot Decay N u m b e r  -- The number of s i g n i f i c a n t  d i g i t s  of 
accuracy l o s t  during the solution of the s t i f f n e s s  
equilibrium equations by the CHOLESKY processor. Generally, 
large decay numbers ind ica te  an i l l -condi t ioned mathematical 
m o d e l  w h i c h  should not be accepted for fu r the r  analysis .  
T h i s  c r i t e r i o n  is used t o  iden t i fy  local mechanisms o r  
regions of weak s t i f f n e s s e s  inherent  t o  the s t r u c t u r a l  m o d e l .  

- Postprocessor -- A program tha t  ex t r ac t s ,  formats, and generates  
pr in t /p lo t  displays of data ( input  and r e s u l t s ) ,  or a program 
tha t  stores (saves) data t o  be used a t  d l a t e r  t i m e ,  Each 
ATLAS postprocessor is iden t i f i ed  by a key-word. Examples 
a r e  NODAL, FHEEBODY, GRAPHICS, STRESS, and FLUTTER,  

Preprocessor -- A program t h a t  reads, decodes, generates,  
interrogates ,  and formats data for another program. Each 
ATLAS preprocessor is i d e n t i f i e d  by a key-word. Examples are 
NODAL, STIFFNESS, LOADS, and MASS, 
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-I Problem-Oriented LanqWffe --A language designed for convenient 
de f in i t i on  of a technical  engineering problm for solut ion by 
a comput@r proqram. 

Procedure -- A block (sequence) of statements t h a t  defines the 
course of act ion t o  be taken for the  solut ion of a problem, 

__1- Processor -- A program that performs technical ana ly t ica l  
computations. Each ATLAS processor is i den t i f i ed  by a key- 
word. Examples a r e  STIFFNESS, DESIGN, LOADS, STRESS, MASS, 
VIBRATION, and FLUTTERc 

Random A c c e s s  -- Pertaining t o  a s torage device i n  which the 
a c c e s s i b i l i t y  of data i s  e f f ec t ive ly  independent of t h e  
locat ion of data. 

1 

-- Reference Frame -- See Local Reference Frame 

RETAIN -- See Boundary Condition (BC) Data 

Sctvef@ -- The name of an ATLAS System data f i l e  tha t  i s  used 
for checkpoint/restart  of job execution. The ATLAS save f i l e s  
a r e  iden t i f i ed  by t h e  following key-words : SAVESSF, SAVESSI, 
SAVESS2, SAVESS3, and SAVESS4- 

- SLT -- A s t r u c t u r a l  ana/or mass model t ha t  is iden t i f i ed  i n  the 
input  data and t h e  output data by an integer  nuTnt3er i n  the 
rage 1 through 3 6 .  A SEI', as defined by the model-definition 
data, i s  l i m i t e d  t o  the following maximum quant i t ies ,  

a) 4095 nodes 
b) 3 2  767 structural f i n i t e  elements 
c) 32 767 m a s s  f i n i t e  elements 
d) 10 boundary condition STAGES 
e) N o  e x p l i c i t  l i m i t  on the number of loadcases 
f) 100 m a s s  d i s t r ibu t ion  conditions 

SNIPF(K -- A high-level, matrix-oriented language t h a t  is used 
t h e  ATLAS System and is  ava i lab le  for creat ing an ATLAS 
Control Program t o  perform t h e  following: 

a) Algebraic matrix opelcations 



b) Input and output  of data matrices on either random 
or sequent ia l  f i les 

c) Xanage storage of data in the computer core memory 

a) Manipulate data i n  the ATLAS data base 

Detailed descriptions are presented i n  the SNARK U s e r c s  
Manual ATLAS documentation. 

Software -- A se t  of computer programs, procedures, arid 
associated documentation concerned w i t h  t h e  operation of a 
data processing system. 

STAGE -- A group of boundary condition (BC) cons t r a in t s  used i n  
solving t h e  s t r u c t u r a l  equations of equilibrium. A rnaxirnum 
of 10 STAGES can be defined for each SET. I 

Statement -- An expression or in s t ruc t ion  t h a t  is wri t ten  i n  a 
programming language. 

Subsets -- User-selected nodes, elements, and data components 
that are t o  be extracted and manipulated by ATLAS. The types 
of subsets  that can be defined by a SUBSET DEFINITION data  
set are: 

a) - NOD& -- Selected nodes - Coordinates, node loads, 
displacements, react ions,  and lumped masses can be 
extracted for  node subsets. Ordered node subsets  
are used t o  establish a p a r t i c u l a r  sequence of 
nodes. 

b) STIFFNESS -- Selected s t i f t n e s s  f k i t e  elements. 
Element-def i n i t i o n  data, stresses, and d i s t r i b u t e d  
loads, for example, can be extracted for element 
subsets e 

e) MASS -- Selected m a s s  f i n i t e  elements. 

d) LABELS -- Selected data component labels .  The 
input  and ana lys i s  data values corresponding t o  the 
selected labels are extracted f o r  subsequent 
graphical  or p r i n t  display,  
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Substructure  -- A part of the total s t r u c t u r a l  model t h a t  is 
ideal ized separa te ly  and is i d e n t i f i e d  as a SET. -Nh;lltiple 
substructures  are i n t e rac t ed  (joined together) t o  form the  
total s t r u c t u r a l  model. 
apply t o  substructured stress and dynamic analyses. 

The following maximum quan t i t i e s  

a) 999 unique substructures  

b) 28 substructures  i n t e r a c t i n g  t o  form a next higher- 
l e v e l  substructure  

c) N o  e x p l i c i t  l i m i t  on the  number of i n t e r a c t  l e v e l s  

I__-- SUPPORT -- See Boundary Condition (BC) D a t a  

S U P S T G  -- A superposi t ion loadcase t h a t  i s  defined as a l i n e a r  
combination uE other loadcases for superimposing 
displacements and stresses, I 

Tenninal -- A peripheral  device through which data can either 
enter or leave the computer. 

Timesharinq -- The a l loca t ion  of computer t ime and computer 
se rv ices  t o  mult iple  users so t h a t  a number of programs a r e  
processed simultaneously. 

-- User -- Anyone w h o  requi res  the services of a computing system, 

---- User Matrix -- An ATLAS data matr ix  whose name can be spec i f ied  
by the  user  during problem solving for greater v e r s a t i l i t y  of 
data managextent. 

User Oriented Lanquaqe -- A programming language designed for  
convenient expression of steps t o  be used i n  the so lu t ion  of 
a wide class of problems, 

WARNING -- 'dhenever ATLAS detects an ambiguity i n  the data tha t  
can be resolved without user  in te rac t ion ,  a WARNING message 
i s  pr inted and processing of the job continues w i t h o u t  
in te r rupt ion  
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16. Abrtracr 

This document describes some of the many analytical capabilities provided by 
the ATLAS integrated structural analysis and design system. The example 
data and fundamental technical considerations presented in this guide are 
intended to help orieni the engineer in using ATLAS, and to direct him in 
using the other ATLAS System documentation. 
Control Data Corporation (CDC) 6600/CYBER computers in the batch, on-line, 
and interactive modes. It is a modular system of computer codes with common 
executive and data-base management components. The system provides an ex- 
tensive set of generai-purpose technical programs with analytical capabilities 
lncluding stiffness, stress, loads, mass, substructuring, strength desfgn, 
unsteady aerodynamics, vibration, and flutter analyses. , The sequence and 
mode of execution of selected program modules are controlled by a common 
user-oriented language. Execution of selected modules with external inter- 
faced programs is supported by the ATLAS data-base'and ATLAS data manager. 
Interactive user interfaces are provided for performing execution-control, 
data-file editing, and graphical-display of selected data. Model-definition 
input data are written in a problem-oriented language. 
options and input-data checks provided by the preprocessors minimizk th; 
amount of data and flowtime for problem &efinition/verification. 
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